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B.53  Slant  range  versus  time  for  Rocket  28 
King  Fish  . 

B.54  Slant  range  versus  time  for  Rocket  29 
King  Fish  . 

C.l  Photograph  of  37-Mc  crossed  dipole 

antenna . 

C.2  Photograph  of  148-Mc  helix  antennas. 

C.3  Photograph  of  888-Mc  helix  antennas. 

C.4  Photograph  of  54-Mc  rotating  dipole 
antenna . 
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C.5  Photograph  of  324-Mc  helix  antenna.  .  233 

C.6  Photograph  of  GMD  system  functional 

diagram .  234 

C.7  Block  diagram  of  GMD  system .  235 

C.8  Field  layout  of  GMD  trackers .  236 

C.9  Photograph  of  GMD  recording  van 

interior .  237 

C.10  GMD  azimuth  and  elevation  versus  time 

for  Rocket  1,  Star  Fish  .  238 

C.ll  GMD  azimuth  and  elevation  versus  time 

for  Rocket  2,  Star  Fish  .  239 

C.12  GMD  azimuth  and  elevation  versus  time 

for  Rocket  3,  Star  Fish  .  240 

C.13  GMD  azimuth  and  elevation  versus  time 

for  Rocket  4,  Star  Fish  241 

C.14  GMD  azimuth  and  elevation  versus  time 

for  Rocket  5,  Star  Fish  242 

C.15  GMD  azimuth  and  elevation  versus  time 

for  Rocket  6,  Star  Fish  .  243 

C.16  GMD  azimuth  and  elevation  versus  time 

for  Rocket  7*  Star  Fish  .  244 

C.17  GMD  azimuth  and  elevation  versus  time 

for  Rocket  8,  Star  Fish  .  245 

C.18  GMD  azimuth  and  elevation  versus  time 

for  Rocket  9,  Star  Fish  246 

C.19  GMD  azimuth  and  elevation  versus  time 

for  Rocket  10,  Blue  Gill  247 

C.20  GMD  azimuth  and  elevation  versus  time 

for  Rocket  11,  Blue  Gill  .  24C 

C.21  GMD  azimuth  and  elevation  versus  time 

for  Rocket  12,  Blue  Gill  .  .  .  ..  249 

C.22  GMD  azimuth  and  elevation  versus  time 

for  Rocket  13,  Blue  Gill  .  250 

C.23  GMD  azimuth  and  elevation  versus  time 

for  Rocket  14,  Blue  Gill  .....  251 

C.24  GMD  azimuth  and  elevation  versus  time 

for  Rocket  15,  Blue  Gill  .  252 
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C.25 

GMD  azimuth  and  elevation  versus  time 
for  Rocket  17*  Blue  Gill  . 

253 

C.26 

GMD  azimuth  and  elevation  versus  time 
for  Rocket  18,  Blue  Gill  . 

254 

C.27 

GMD  azimuth  and  elevation  versus  time 
for  Rocket  20,  King  Pish  .... 

255 

* 

C  .28 

GMD  azimuth  and  elevation  versus  time 
for  Rocket  21,  King  Pish  . 

256 

f 

C.29 

GMD  azimuth  and  elevation  versus  time 
for  Rocket  23,  King  Pish  . 

257 

C.30 

C.31 

GMD  azimuth  and  elevation  versus  time 

for  Rocket  24,  King  Fish  . 

GMD  azimuth  and  elevation  versus  time 
for  Rocket  26,  King  Pish  . 

258 

259 

C.32 

GMD  azimuth  and  elevation  versus  time 
for  Rocket  27,  King  Pish  . 

260 

C.33 

GMD  azimuth  and  elevation  versus  time 
for  Rocket  28,  King  Pish  . 

261 

C.34 

GMD  azimuth  and  elevation  versus  time 
for  Rocket  29,  King  Pish  . 

262 

4 

C.35 

Block  diagram  of  3-frequency  beacon  con¬ 
trol  in  blockhouse . 

263 

4 

C.36 

Photograph  of  3-frequency,  beacon  antennas 
on  Honest  John-Nike  rockets.  Project 

264 

C.37 

Radiation  pattern  for  37-Mc  loop  antenna 
on  Honest  John-Nike  rockets.  Project 

6.3 . 

265 

C.38 

Radiation  pattern  for  148-Mc  loop 
antenna  on  Honest  John-Nike  rockets. 

Project  6.3  . 

266 

C.39 

Radiation  pattern  for  888-Mc  antenna 
on  Honest  John-Nike  rockets.  Project 

267 

C.40 

Photograph  of  3-frequency  beacon 
antennas  on  Javelin  and  Honest  John- 
Nike-Nike  rockets.  Project  6.2 . 

268 

1 

C.41 

Radiation  pattern  for  148-Mc  shroud 
antenna  on  Javelin  and  Honest  John-Nike 

Nike  rockets.  Project  6.2 . 

269 
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C.42 

Radiation  pattern  for  37-Mc  single 
shroud  antenna  on  Javelin  and  Honest 
John-Nike-Nike  rockets.  Project  6.2.  .. 

270 

• 

C.43 

Radiation  pattern  for  888-Mc  stub 
antennas  on  Javelin  and  Honest  John- 
Nike-Nike  rockets,  Project  6.2 . 

271 

C.44 

Three-frequency  beacon  antennas  on 

Javelin  rockets.  Project  6.4  . 

272 

• 

C.45 

Photograph  of  3-frequency  beacon 
antennas  on  Javelin  rockets.  Project 

273 

C.46 

BRD-designed  888-Mc  stub  antenna.  .  .. 

274 

C.47 

Circuit  diagram  of  GMD  beacon  . 

275 

C.48 

Photograph  of  1680-Mc  slot  antennas  on 
Nike-Cajun  rockets,  Project  6.3  .  .  .. 

276 

C.49 

Radiation  pattern  for  1680-Mc  slot 
antennas  in  plane  of  longitudinal  axis 
of  rocket . 

277 

t 

V 

C.50 

Radiation  pattern  for  1680-Mc  slot 
antennas  off  side  of  rocket . 

278 

4 

C.51 

Dispersive  doppler  versus  time 
derived  from  the  37-  and  148-Mc  doppler 
Rocket  1,  Star  Pish  . 

279 

C.52 

Dispersive  doppler  versus  time 
derived  from  the  37*  and  148-Mc  doppler. 
Rocket  4,  Star  Fish  . 

280 

C.53 

Dispersive  doppler  versus  time 
derived  from  the  37-  and  148-Mc  doppler 
Rocket  5,  Star  Pish  . 

281 

C.54 

Dispersive  doppler  versus  time 
derived  from  the  3?" and  148-Mc  doppler. 
Rocket  7,  Star  Pish  . 

282 

C.55 

Dispersive  doppler  versus  time 
derived  from  the  37* and  148-Mc  doppler 
Rocket  8,  Star  Pish  . 

283 

• 

C.56 

Dispersive  doppler  versus  time 
derived  from  the  37- and  148-Mc  doppler. 
Rocket  9,  Star  Pish  . 

284 

# 

C.57 

Dispersive  doppler  versus  time 
derived  from  the  37- and  148-Mc  doppler 
Rocket  12,  Blue  Gill  . 

285 
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C.58  Dispersive  doppler  versus  time 

derived  from  the  37'  and  148-Mc  doppler. 

Rocket  14,  Blue  Gill  .  286 

C.59  Dispersive  doppler  versus  time 

derived  from  the  37-  and  148-Mc  doppler,  * 

Rocket  15,  Blue  Gill  .  287 

C.60  Dispersive  doppler  versus  time 

derived  from  the  37-  and  148-Mc  doppler, 

Rocket  17,  Blue  Gill  .  288  • 

C.6l  Dispersive  doppler  versus  time 

derived  from  the  37-  and  148-Mc  doppler, 

Rocket  19,  King  Fish  .  289 

C.62  Dispersive  doppler  versus  time 

derived  from  the  148-  and  888-Mc 

doppler.  Rocket  19,  King  Fish  .  ..  290 

C.63  Dispersive  doppler  versus  time 

derived  from  the  37-  and  148-Mc  doppler, 

Rocket  22,  King  Fish  .  291 

C.64  Dispersive  doppler  versus  time 

derived  from  the  37-  and  148-Mc  doppler, 

Rocket  25,  King  Fish  .  292 

C.65  Dispersive  doppler  versus  time 

derived  from  the  148- and  888-Mc  doppler, 

Rocket  25,  King  Fish  .  293  * 

C.66  Dispersive  doppler  versus  time  derived 
from  the  3?*  and  148-Mc  doppler.  Rocket 

27,  King  Fish  .  294 

C.67  Dispersive  doppler  versus  time  derived 
from  the  37- and  148-Mc  doppler.  Rocket 

28,  King  Fish  295 

C.68  Duration  of  useful  received  signal  for 
experiments  carried  on  Rocket  1,  Star 
Fish  296 

C.69  Duration  of  useful  received  signal  for 
experiments  carried  on  Rocket  2,  Star 
Fish  297 

C.70  Duration  of  useful  received  signal  for 

experiments  carried  on  Rocket  3»  Star  4 

Fish  298 

C.71  Duration  of  useful  received  signal  for 
experiments  carried  on  Rocket  4,  Star 

Fish  299  % 
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C.72  Duration  of  useful  received  signal  for 
experiments  carried  on  Rocket  5,  Star 
Fish  . 

C.73  Duration  of  useful  received  signal  for 
experiments  carried  on  Rocket  6,  Star 
Fish  . 

C.71*  Duration  of  useful  received  signal  for 
experiments  carried  on  Rocket  7,  Star 
Fish  . 

C.75  Duration  of  useful  received  signal  for 
experiments  carried  on  Rocket  8,  Star 
Fish  . 

C.76  Duration  of  useful  received  signal  for 
experiments  carried  on  Rocket  9»  Star 
Fish  . 

C.77  Duration  of  useful  received  signal  for 
experiments  carried  on  Rocket  10,  Blue 
Gill  . 

C.78  Duration  of  useful  received  signal  for 
experiments  carried  on  Rocket  11,  Blue 
Gill  . 

C.79  Duration  of  useful  received  signal  for 
experiments  carried  on  Rocket  12,  Blue 
Gill  . 


C.80  Duration  of  useful  received  signal  for 
experiments  carried  on  Rocket  13,  Blue 
Gill  . 

C.81  Duration  of  useful  received  signal  for 
experiments  carried  on  Rocket  14,  Blue 
Gill  . 

C.82  Duration  of  useful  received  signal  for 
experiments  carried  on  Rocket  15,  Blue 
Gill  . 

C.83  Duration  of  useful  received  signal  for 
experiments  carried  on  Rocket  17,  Blue 
Gill  . 

C.84  Duration  of  useful  received  signal  for 
experiments  carried  on  Rocket  18,  Blue 
Gill  . 

C.85  Duration  of  useful  received  signal  for 
experiments  carried  on  Rocket  19,  King 
Fish  . 
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C.86  Duration  of  useful  received  signal  for 
experiments  carried  on  Rocket  20,  King 
Fish  .  314 

C.87  Duration  of  useful  received  signal  for 

experiments  carried  on  Rocket  21,  King  * 

Fish  .  315 

C.88  Duration  of  useful  received  signal  for 
experiments  carried  on  Rocket  22,  King 

Fish  316  • 

C.89  Duration  of  useful  received  signal  for 
experiments  carried  on  Rocket  23,  King 
Fish  317 

C.90  Duration  of  useful  received  signal  for 
experiments  carried  on  Rocket  24,  King 
Fish  318 

C.91  Duration  of  useful  received  signal  for 
experiments  carried  on  Rocket  25,  King 
Fish  319 

C.92  Duration  of  useful  received  signal  for 

experiments  carried  on  Rocket  26,  King  4 

Fish  320 

C.93  Duration  of  useful  received  signal  for 
experiments  carried  on  Rocket  27,  King 

Fish  321  4 

C.94  Duration  of  useful  received  signal  for 
experiments  carried  on  Rocket  28,  King 
Fish  322 

C.95  Duration  of  useful  received  signal  for 
experiments  carried  on  Rocket  29 »  King 
Fish  323 

C.96  Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  37  Me 
left.  Rocket  1,  Star  Fish  324 

C.97  Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  37  Me 
right, Rocket  1,  Star  Fish  325 

C.98  Received  signal  strength  versus  slant 

range  for  3-frequency  beacon,  148  Me  . 

left.  Rocket  1,  Star  Fish  ....  326 

C.99  Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  148  Me 

right,  Rocket  1,  Star  Fish  ....  327  % 
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C.100 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  888  Me 
left.  Rocket  1,  Star  Fish  . 

328 

4 

C.101 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  888  Me 
right.  Rocket  1,  Star  Fish  .... 

329 

* 

C.  102 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  37  Me 
left.  Rocket  4,  Star  Fish  . 

330 

c.103 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  37  Me 
right.  Rocket  4,  Star  Fish  .... 

331 

C.104 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  148  Me 
left,  Rocket  4,  Star  Fish  . 

332 

C.105 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  148  Me 
right.  Rocket  4,  Star  Fish  .... 

333 

t 

C.106 

Received  signal  strength  versus  sLant 
range  for  3-frequency  beacon,  888  Me 
left.  Rocket  4,  Star  Fish  . 

334 

4 

C.107 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  888  Me 
right.  Rocket  4,  Star  Fish  .... 

335 

C.108 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  37  Me 
left.  Rocket  5,  Star  Fish  . 

336 

C.109 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  37  Me 
right.  Rocket  5*  Star  Fish  .... 

337 

C.110 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  148  Me 
left.  Rocket  5»  Star  Fish  .... 

338 

C.lll 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  148  Me 
right,  Rocket  5»  Star  Fish  .... 

339 

♦ 

C.112 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  888  Me 
left,  Rocket  5»  Star  Fish  .... 

340 

• 

C.113 

deceived  signal  strength  versus  slant 
range  for  3-frequency  beacon,  888  Me 
right,  Rocket  5,  Star  Fish  .... 

341 
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C.114 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  37  Me 
left,  Rocket  7,  Star  Pish  . 

342 

C  .115 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  37  Me 
right.  Rocket  7,  Star  Fish  . 

343 

4 

C.116 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  148  Me 
left.  Rocket  7,  Star  Fish  . 

344 

♦ 

C.117 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  148  Me 
right.  Rocket  7,  Star  Fish  . 

345 

C.118 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  888  Mq 
left.  Rocket  7,  Star  Fish  . 

346 

C.119 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  888  Me 
right.  Rocket  7»  Star  Fish  . 

347 

C.120 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  37  Me 
left,  Rocket  8,  Star  Fish  . 

348 

• 

C.121 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  37  Me 
right.  Rocket  8,  Star  Fish  . 

349 

4 

C.122 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  148  Me 
left.  Rocket  8,  Star  Fish  . 

350 

C.123 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  148  Me 
right.  Rocket  8,  Star  Fish  . 

351 

C.124 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  888  Me 
left.  Rocket  8, Star  Fish  . 

352 

C.125 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  888  Me 
right.  Rocket  8,  Star  Fish  .... 

353 

C.126 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  37  Me 
left,  Rocket  9,  Star  Fish  . 

354 

t 

C.127 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  37  Me 
right.  Rocket  9,  Star  Fish  .... 

355 

4 
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C.128 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  148  Me 
left,  Rocket  9>  Star  Fish  . 

356 

C.129 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  148  Kc 
right,  Rocket  9,  Star  Fish  .... 

357 

C.130 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  888  Me 
left,  Rocket  9,  Star  Fish  . 

358 

C.131 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  888  Me 
right.  Rocket  9,  Star  Fish  .... 

359 

C.132 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  37  Me 
left,  Rocket  11,  Blue  Gill  .... 

360 

C.133 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  37  Me 
right.  Rocket  11,  Blue  Gill  .... 

361 

• 

C.134 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  148  Me 
left,  Rocket  11,  Blue  Gill  .... 

362 

* 

C.135 

Received  signal  strength  ■versus  slant 
range  for  3-frequency  beacon,  148  Me 
right.  Rocket  11,  Blue  Gill  .... 

363 

C.136 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  888  Me 
left.  Rocket  11,  Blue  Gill  .  .  . 

364 

C.137 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  888  Me 
right.  Rocket  11,  Blue  Gill  .  .. 

365 

C.138 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  37  Me 
left.  Rocket  12,  Blue  Gill  .  .  . 

366 

C.139 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  37  Me 
right.  Rocket  12,  Blue  Gill  .  .. 

367 

* 

C.140 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  148  Me 
left,  Rocket  12,  Blue  Gill  .  .  . 

368 

*' 

C  .141 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  148  Me 
right.  Rocket  12,  Blue  Gill  .  .. 

369 
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C.142 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  888  Me 
left.  Rocket  12,  Blue  Gill  .  ,  , 

370 

C.143 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  888  Me 
right.  Rocket  12,  Blue  Gill  .  .. 

371 

f 

C.144 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  37  Me 
left,  Rocket  14,  Blue  Gill  .  .  . 

372 

C.145 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  37  Me 
right.  Rocket  14,  Blue  Gill  .  .  . 

373 

C.146 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  148  Me 
left.  Rocket  14,  Blue  Gill  .... 

374 

C.147 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon, 148  Me 
right.  Rocket  14,  Blue  Gill  .  .  . 

375 

C  *  148 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  888  Me 
left.  Rocket  14,  Blue  Gill  .  .  . 

376 

\ 

C.149 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  888  Me 
right, Rocket  14,  Blue  Gill  .  .  . 

377 

* 

C.150 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  37  Me 
left.  Rocket  15,  Blue  Gill  .  .  . 

378 

C.151 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  37  Me 
right.  Rocket  15,  Blue  Gill  .  .. 

379 

C.152 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  148  Me 
left,  Rocket  15,  Blue  Gill  .  .  . 

380 

C.153 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  148  Me 
right.  Rocket  15,  Blue  Gill  .  .. 

381 

C.154 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  888  Me 
left.  Rocket  15,  Blue  Gill  .  .  . 

382 

C.155 

Received  signal  strength  versus  slant 
range  for  ^-frequency  beacon,  888  Me 
right,  Roci'et  15,  Blue  Gill  .  .. 

383 

i 
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C.156 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  37  Me 
left,  Rocket  17*  Blue  Gill  .  .  . 

384 

* 

C  .157 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  37  Me 
right,  Rocket  17,  Blue  Gill  .  .. 

385 

C.158 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  148  Me 
left.  Rocket  17,  Blue  Gill  .  .  . 

386 

C.159 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  148  Me 
right.  Rocket  17,  Blue  Gill  .  .. 

387 

C.160 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  888  Me 
left.  Rocket  17,  Blue  Gill  .  .  . 

388 

C.161 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  888  Me 
right.  Rocket  17,  Blue  Gill  .  .. 

389 

* 

C.162 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  37  Me 
left.  Rocket  18,  tslue  Gill  .  .  . 

390 

C.163 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  37  Me 
right.  Rocket  18,  Blue  Gill  .  .. 

391 

C.164 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  148  Me 
left.  Rocket  18,  Blue  Gill  .  .  . 

392 

C.165 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  148  Me 
right.  Rocket  18,  Blue  Gill  .  .. 

393 

C.166 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  888  Me 
left.  Rocket  18,  Blue  Gill  .  .  . 

394 

C.167 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  888  Me 
right,  Rocket  18,  Blue  Gill  .  .. 

395 

• 

C.168 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  37  Me 
left,  Rocket  19,  King  Pish  .  .  . 

396 

r 

C.169 

Received  signal  strength  versus  slant 
range  for  3-frequenc»  beacon,  37  Me 
right.  Rocket  19,  King  Fish  .  .. 

397 
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C.170  Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  148  Me 
left,  Rocket  19,  King  Fish  ...  398 

C.171  Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  148  Me 
right,  Rocket  19,  King  Fish  ...  399 

C.172  Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  888  Me 
left.  Rocket  19,  King  Fish  ...  400 

C.173  Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  888  Me 
right,  Rocket  19,  King  Fish  .  ..  401 

C.174  Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  37  Me 
left,  Rocket  22,  King  Fish  ...  402 

C.175  Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  37  Me 
right,  Rocket  22,  King  Fish  ...  403 

C.176  Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  148  Me 
left,  Rocket  22,  King  Fish  ...  404 

C.177  Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  148  Me 
right.  Rocket  22,  King  Fish  .  ..  405 

C.178  Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  888  Me 

left.  Rocket  22,  King  Fish  ...  406 

C.179  Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  888  Me 
right,  Rocket  22,  King  Fish  .  ..  407 

C.180  Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  37  Me 

left.  Rocket  25,  King  Fish  .  .  .  408 

C.181  Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  37  Me 

right,  Rocket  25,  King  Fish  .  ..  409 

C.182  Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  148  Me 

left,  Rocket  25,  King  Fish  ...  410 


* 


P 
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c.183 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  148  Me 
right.  Rocket  25,  King  Pish  .  .  . 

411 

* 

C.184 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  888  Me 
left.  Rocket  25,  King  Fish  .... 

412 

C.185 

Received  signal  strength  versus  s'lant 
range  for  3-frequency  beacon,  888  Me 
right.  Rocket  25,  King  Fish  .  .  . 

413 

C.186 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  37  Me 
left.  Rocket  27,  King  Fish  .... 

414 

C.187 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  37  Me 
right.  Rocket  27,  King  Fish  .  .  . 

415 

C.188 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  148  Me 
left,  Rocket  27,  King  Fish  .... 

416 

• 

C.189 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  148  Me 
right.  Rocket  27,  King  Fish  .  .  . 

417 

* 

C.190 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  888  Me 
left.  Rocket  27,  King  Fish  .... 

418 

C.191 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  888  Me 
right,  Rocket  27,  King  Fish  .  .  . 

419 

C.192 

Received  signal  strength  versus  slant 
range  for  3-frequencv  beacon,  37  Me 
left,  Rocket  28,  King  Fish  .... 

420 

C.193 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  37  Me 
right,  Rocket  28,  King  Fish  .  .  . 

421 

C.194 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  148  Me 
left,  Rocket  28,  King  Fish  .  .  . 

422 

• 

C.195 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  148  Me 
right,  Rocket  28,  King  Fish  .  .. 

423 

r 

C.196 

Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  888  Tic 
left.  Rocket  28,  King  Fish  .  .  . 

424 
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C.197  Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  888  Me 
right,  Rocket  28,  King  Pish  .  .. 

C.198  Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  37  Me 
left.  Rocket  29,  King  Fish  .  .  . 

C.199  Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  37  Me 
right,  Rocket  29 ,  King  Fish  .  .. 

C.200  Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  148  Me 
left,  Rocket  29,  King  Fish  .  .  . 

C.201  Received  signal  strength  versus  slant 
range  for  3-frequency  beacon, 148  Me 
right.  Rocket  29,  King  Fish  .  .. 

C.202  Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  888  Me 
left.  Rocket  29,  King  Fish  .  .  . 

C.203  Received  signal  strength  versus  slant 
range  for  3-frequency  beacon,  888  Me 
right,  Rocket  29 ,  King  Fish  .  .. 

C.204  Received  signal  strength  versus  slant 
range  for  VHF  telemetry.  Rocket  1, 
Star  Fish  . 

C.205  Received  signal  strength  versus  slant 
range  for  VHF  telemetry.  Rocket  2, 

Star  Fish  . 


C.206  Received  signal  strength  versus  slant 
range  for  VHF  telemetry.  Rocket  4, 
Star  Fish  . 

C.207  Received  signal  strength  versus  slant 
range  for  VHF  telemetry.  Rocket  5* 
Star  Fish  . 

C.208  Received  signal  strength  versus  slant 
range  for  VHF  telemetry.  Rocket  6, 
Star  Fish  . . 

C.209  Received  signal  strength  versus  slant 
range  for  VHF  telemetry.  Rocket  7, 
Star  Fish  . 

C.210  Received  signal  strength  versus  slant 
range  for  VHF  telemetry.  Rocket  8, 
Star  Fish  . 
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C.211  Received  signal  strength  versus  slant 
range  for  VHF  telemetry.  Rocket  9» 

Star  Fish  439 

C.212  Received  signal  strength  versus  slant 
range  for  VHF  telemetry.  Rocket  li). 

Blue  Gill  440 

C.213  Received  signal  strength  versus  slant 
range  for  VHF  telemetry.  Rocket  11, 

Blue  Gill  441 

C.214  Received  signal  strength  versus  slant 
range  for  VHF  telemetry.  Rocket  12, 

Blue  Gill  442 

C.215  Received  signal  strength  versus  slant 
range  for  VHF  telemetry.  Rocket  13, 

Blue  Gill  .  .  .  .  .  443 

C.216  Received  signal  strength  versus  slant 
range  for  VHF telemetry ,  Rocket  14, 

Blue  Gill  444 

C.217  Received  signal  strength  versus  slant 
range  for  VHF  telemetry.  Rocket  15, 

Blue  Gill  445 

C.218  Received  signal  strength  versus  slant 
range  for  VHF  telemetry.  Rocket  17, 

Blue  Gill  446 

C.219  Received  signal  strength  versus  slant 
range  for  VHF  telemetry.  Rocket  18, 

Blue  Gill  447 

C.220  Received  signal  strength  versus  slant 
range  for  VHF  telemetry.  Rocket  19, 

King  Fish  448 

C.221  Received  signal  strength  versus  slant 
range  for  VHF  telemetry,  Rocket  20, 

King  Fish  449 

C.222  Received  signal  strength  versus  slant 
range  for  VHF  telemetry,  Rocket  22, 

King  Fish  450 

C.223  Received  signal  strength  versus  slant 
range  for  VHF  telemetry.  Rocket  24, 

King  Fish  451 

C.224  Received  signal  strength  versus  slant 
range  for  VHF  telemetry,  Rocket  25, 

King  Fish  452 
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C.225  Received  signal  strength  versus  slant 
range  for  VHF  telemetry,  Rocket  26, 

King  Fish  453 

C.226  Received  signal  strength  versus  slant 
range  for  VHF  telemetry,  Rocket  27* 

King  Fish  454 

C.227  Received  signal  strength  versus  slant 
range  for  VHF  telemetry.  Rocket  28, 

King  Fish  455 

f 

C.228  Received  signal  strength  versus  slant 
range  for  VHF  telemetry,  Rocket  29 » 

King  Fish  456 

C.229  Received  signal  strength  versus  slant 
range  for  GMD  telemetry,  Rocket  1, 

Star  Fish  457 

C.230  Received  signal  strength  versus  slant 
range  for  GMD  telemetry,  Rocket  2, 

Star  Fish  458 

C.231  Received  signal  strength  versus  slant 

range  for  GMD  telemetry.  Rocket  4,  •» 

Star  Fish  459 

C.232  Received  signal  strength  versus  slant 
range  for  GMD  telemetry,  Rocket  5, 

Star  Fish  460  « 

C.233  Received  signal  strength  versus  slant 
range  for  GMD  telemetry.  Rocket  6, 

Star  Fish  461 

C.234  Received  signal  strength  versus  slant 
range  for  GMD  telemetry,  Rocket  7* 

Star  Fish  462 

C.235  Received  signal  strength  versus  slant 
range  for  GMD  telemetry,  Rocket  8, 

Star  Fish  463 

C.236  Received  signal  strength  versus  slant 
range  for  GMD  telemetry,  Rocket  9, 

Star  Fish  464 

C.237  Received  signal  strength  versus  slant 
range  for  GMD  telemetry.  Rocket  10, 

Blue  Gill  465  ' 

C.238  Received  signal  strength  versus  slant 
range  for  GMD  telemetry,  Rocket  11, 

Blue  Gill  466  t 
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C.239  Received  signal  strength  versus  slant 
range  for  GMD  telemetry,  Rocket  12, 

Blue  Gill  .  467 

C.240  Received  signal  strength  versus  slant 

range  for  GMD  telemetry,  Rocket  13,  Blue 
1  Gill  468 

C.241  Received  signal  strength  versus  slant 
range  for  GMD  telemetry,  Rocket  l1*, 

Blue  Gill  469 

C.242  Received  signal  strength  versus  sLant 
range  for  GMD  telemetry.  Rocket  15, 

Blue  Gill  470 

C.243  Received  signal  strength  versus  slant 
range  for  GMD  telemetry,  Rocket  17, 

Blue  Gill  471 

C.244  Received  signal  strength  versus  slant 
range  for  GMD  telemetry,  Rocket  18, 

Blue  Gill  472 

C.245  Received  signal  strength  versus  slant 
%  range  for  GMD  telemetry.  Rocket  19, 

King  Fish  473 

C.246  Received  signal  strength  versus  slant 
range  for  GMD  telemetry.  Rocket  20, 

,  King  Fish  474 

C.247  Received  signal  strength  versus  slant 
range  for  GMD  telemetry.  Rocket  21, 

King  Fish  475 

C.248  Received  signal  strength  versus  slant 
range  for  GMD  telemetry.  Rocket  23, 

King  Fish  476 

C.249  Received  signal  strength  versus  slant 
range  for  GMD  telemetry.  Rocket  24, 

King  Fish  477 

C.250  Received  signal  strength  versus  slant 
range  for  GMD  telemetry.  Rocket  25, 

King  Fish  478 

C.251  Received  signal  strength  versus  slant 

*  range  for  GMD  telemetry,  Rocket  26, 

King  Fish  479 

C.252  Received  signal  strength  versus  slant 

range  for  GMD  telemetry.  Rocket  27 » 

*  King  Fish  480 

27 


SECRET 


\ 


C.253  Received  signal  strength  versus  slant 
range  for  GMD  telemetry,  Rocket  28, 

King  Fish  481 

C.251*  Received  signal  strength  versus  slant 

range  for  GMD  telemetry.  Rocket  29 >  * 

King  Fish  482 

C.255  Calculated  received  signal  strength 

versus  slant  range  for  the  3-frequency 

beacon,  VHF  telemetry  and  GMD,  Star  » 

Fish  483 

C.256  Calculated  received  signal  strength 

versus  slant  range  for  the  3-frequency 

beacon,  VHF  telemetry  and  GMD,  Blue 

Gill  and  King  Fish  484 


0 


« 
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APPENDIX  B 

ROCKET  VEHICLE  PERFORMANCE 


B.l  INTRODUCTION 

In  the  determination  of  a  missile's  flight 
path,  ground-based  instrumentation  dispersed  over 
several  sites  generally  allows  more  flexibility  and 
greater  accuracy  in  data  reduction  than  measuring 
systems  concentrated  at  a  single  location.  In 
addition  to  providing  less  accuracy,  single-site 
systems  frequently  fail  to  yield  sufficient  data 
for  position  determination  without  the  introduction 
of  constraints  such  as  parabolic  or  elliptical 
motion.  To  arrive  at  a  trajectory  under  single¬ 
site  conditions,  it  becomes  necessary  to  assume 
that  the  motion  of  the  missile  may  be  characterized 
by  a  set  of  parameters  which  are  functionally  re¬ 
lated  to  the  measured  quantities.  A  solution  is 
possible  if  there  are  at  least  as  many  observations 
as  parameters,  and  if  the  resulting  system  of  con¬ 
dition  equations  is  sufficiently  independent. 

The  reduction  and  analysis  of  a  large  portion 
of  the  observed  rocket  trajectory  data  for  Projects 
6.2,  6.3,  and  6.4,  was  based  upon  the  flight  paths 
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of  the  missiles  as  a  function  of  time.  For  many 
rockets,  the  various  missile  tracking  systems 
operating  at  or  near  Johnston  Island  failed  to 
provide  adequate  coverage  to  meet  all  trajectory 
requirements.  Therefore,  it  became  necessary 
to  develop  methods  of  position  determination  from 
a  combination  of  various  measurements  or  obser¬ 
vations.  Frequently,  these  observations  were 
neither  of  sufficient  quantity  nor  quality  to 
permit  a  high  order  of  accuracy.  Fortunately, 
most  of  the  rocket  measurements  of  atmospheric 
and  event  parameters  could  tolerate  moderate 
errors  in  position  determination, provided  that 
the  differential  in  position  varied  smoothly. 

In  view  of  the  relatively  lax  requirements  for 
accuracy  and  the  limited  precision  of  the 
observations,  it  was  considered  reasonable  to 
characterize  the  drag-free  portion  of  the  tra¬ 
jectory  by  simple  parabolic  motion. 

B.2  TRAJECTORY  PARAMETERS 

With  the  assumption  of  parabolic  motion  with¬ 
in  a  plane,  the  reduction  problem  became  two- 
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dimensional.  If  p  is  defined  as  the  horizontal 
coordinate  and  y  as  the  vertical,  the  equations  of 
motion  are, 

p  -  p0  +  P0(t-tQ)  (B.l) 

y  =  yo+yo(t"to)"1/2  S  (t-t0)2  (B.2) 

where  pQ  and  yQ  are  the  position  coordinates,  and 
pQ  and  yQ  are  the  velocity  components  for  the 
initial  time  tQ.  The  time  variable  is  t, and  -g  is 
the  vertical  component  of  acceleration  resulting 
from  the  force  of  gravity  which  is  assumed  constant 
for  each  trajectory  determination,  but  variable 
from  rocket  to  rocket.  For  convenience,  let 
T  =  (t-tQ)  so  that  the  above  equations  become 

p  =  pQ+p0  T  (B.3) 

y  *  yQ+yo  T  -  1/2  g  T2  (B.4) 

The  velocity  components  are  obtained  by  differ¬ 
entiating  the  last  two  equations. 


y  =  y  -  g  T  (B.6) 

o 
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Hence,  if  the  parameters  pq,  y  ,  pq,  and  y0  can 
be  evaluated  from  the  observed  data,  position  and 
velocity  are  determined  as  a  function  of  time  by 
the  last  four  equations. 

B.3  TRAJECTORY  SOLUTIONS 

A  complete  solution,  for  the  problem  as  formu¬ 
lated,  consisted  of  using  the  measured  data  to 
evaluate  pq,  yQ,  pQ,  and  y0,  the  trajectory 
parameters.  This  required  the  derivation  of  a 
system  of  equations  of  condition  which  related  the 
trajectory  parameters  to  the  observed  data.  Since 
Equations  B.3  through  B.6  relate  the  position  and 
velocity  components  of  the  missile  to  the  trajectory 
parameters  and  time,  it  is  necessary  to  initially 
establish  a  functional  relationship  between  the 
measured  quantitites  and  the  missile's  position  and 
velocity.  It  was  sufficient  for  the  rocket  flights 
here  discussed  to  express  the  slant  range  r,  and 
the  elevation  angle  e,  in  terms  of  the  position 
coordinates,  while  developing  r  in  terms  of  both 
the  position  coordinates  and  the  velocity  components. 
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The  equations  follow: 


r  *  /p2+  y2  (B.7) 

e  «  tan“1(y/p)  (B.8) 

r  *  (pp+yy)/r  (B.9) 

Combining  the  above  equations  with  Equations  B.3 

through  B.6,  there  result: 

r  =  «HP0+P0T)2+(yQ+yoT-l/2gT2)2  (B.10) 

e  =  tan_1[(y  +y  T-l/2gT2 )/( p  +  p  T)]  (B.ll) 
o  o  0  0 

r  *  C(po+PoT)(po)+(yo+yoT-l/2gT2)(yo-gT)]  X 

[•/,(P0+PoT)2  +  (yo^oT'1/2  gT 2 )  2J  1  (B.12) 

In  particular,  when  t  *  t  so  that  T  ■  0,  Equations 
B.10,  B.ll,  and  B.12  reduce  to: 

ro  =^p|+yo  (B.13) 

eQ  =  tan_1(y0/p0)  (B.14) 

r0  *  (Popo+y0yo)/ro  (B.15) 

33 


SECRET 


where  rQ,  eQ,  and  r  are, respectively,  the  slant 
range,  the  elevation  angle,  and  the  component  of 
velocity  in  the  direction  of  the  radius  vector  at 
time  t  *  tQ.  The  equations  of  condition  were  ob¬ 
tained  by  substituting  measured  data  in  one  or  more 
of  Equations  B.10  through  B.15  or  in  equations 
derived  from  various  combinations  of  these.  If 
more  than  four  observations  were  available,  the 
system  would  be  over-determined,  and  in  general, 
would  require  rather  extensive  computation.  In 
selecting  a  set  of  equations  of  condition,  caution 
was  required  to  avoid  a  system  in  which  the  equations 
were  so  nearly  dependent  that  they  failed  to  yield 
a  reliable  solution.  For  example,  observations  of 
slant  range  for  four  times  at  the  same  site 
generally  provided  a  very  weak  solution.  Likewise, 
poor  results  were  experienced  from  a  set  of 
observations  consisting  of  elevation  angle  measure¬ 
ments  for  four  times  at  a  single  location.  However, 
several  combinations  of  single-site  observations 
provided  useful  results.  Computational  methods  for 
three  of  these  will  be  considered  in  detail  below. 

If  measurements  of  either  slant  range  or  its 
first  time  derivative  are  available  for  the  major 
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portion  of  a  missile's  trajectory,  together  with 
the  elevation  angle  for  at  least  the  initial 
portion  of  the  flight  above  the  effective  atmosphere, 
its  trajectory  may  be  determined  from  measurements 
of  rQ,  r  ,  and  eQ  for  time  tQ  and  a  slant  range,  r, 
for  any  time,  t,  other  than  tQ.  If  only  the  slant 
range  is  measured,  r  may  be  obtained  by  either 
numerical  or  graphical  differentiation.  On  the  other 
hand,  if  r  is  the  measured  quantity,  integration  mv 
be  used  to  derive  the  necessary  values  for  r.  The 
latter  process  requires  a  continuous  record  of  r 
from  launch.  Preferably,  tQ  should  occur  on  the 
upward  leg  of  the  trajectory  and  t  on  the  downward 
leg.  Both  times  are,  of  course,  restricted  to  that 
portion  of  the  trajectory  where  the  missile  is  in 
free  flight  and  above  the  effective  atmosphere. 

With  eQ  and  rQ  as  input,  initial  position  for 
time  tQ  may  be  readily  obtained  from  the  equations, 

p  *  r  cos  e  (B.16) 

o  o  o 

y  =  r  sin  e  (B.17) 

o  o  o 

Solutions  for  the  remaining  trajectory  parameters 

require  Equation  B.15  which  may  be  written  in  the 

form. 
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(B.18) 


p  «  (r  r  -y  y  )/ 

0  0  0  0  0  9  0 

Substituting  for  p  in  Equation  B.10,  yields, 

o 

r  =  /[po+{(roro-yoyo)/p0}T]2+[  y0+yQT-(l/2)gT2]2 

(B.19) 

After  squaring  and  simplifying,  this  reduces  to 

Ay2  +  By o+  C  *  0  (B.20) 

Where, 

A  =  i  +  (y0/p0)2 
B  *  -C(gT+(2r0r0y0)/p2] 

C  “  U>„r  /p  ]2+C(r2-r2)/T2]+[2r  r  /T] 

o  o  o  o  o  o 

-gCy  0— ( gT2 ) 3 } 

One  of  the  solutions  for  Equation  B.20  yields  a 
false  result  and  may  be  neglected.  The  valid  solu- 
tion  for  y0  is  obtained  from: 

y  =  [-B-  /b2-4AC  ]/2A  (B.21) 

0 

p  may  now  be  evaluated  with  Equation  B.18  to  com- 
0 

plete  the  solution. 
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If  a  reliable  estimate  of  r  is  available. 

o 

the  method  can  be  altered  slightly  to  accept  as 
input  eQ,  rQ,  and  measurements  of  slant  range, 
r^  and  rg,  for  two  times,  t^  and  t^,  such  that 

*0  *  <  ‘a-  If  T1  -  <VV  and  V  (VV> 

the  equations  of  condition  may  be  written  as 

Cp  +P  T  ]2+[y  +y  T  -(l/2)gT2]2  =  r2  (B.22) 

ool  ool  1  1 

Cpo+%T2]2  +  Cyo+yoT2"(1/2)gT2]2  =  r2  (B*23) 

Since  po  and  yQ  may  be  determined  by  Equations 
B.16  and  B.17,  the  above  system  contains  the  un¬ 
knowns  pQ  and  yQ.  The  solution  of  Equations  B.22 
and  B.23  may  be  obtained  rather  quickly  by  employ¬ 
ing  an  iterative  type  of  computation  in  which  an 
initial  approximation  to  the  result  is  improved  by 
a  series  of  corrections  until  the  desired  number  of 
significant  figures  is  obtained. 

A  reduction  problem,  which  occurred  frequently 
in  the  trajectory  determinations  here  discussed, 
required  a  trajectory  determination  from  a  series 
of  elevation  angle  measurements  recorded  as  a  function 
of  time.  However,  a  system  of  equations  derived 
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from  observations  of  elevation  angle  alone  is  weak 
and  the  results  unreliable.  Fortunately,  these 
reductions  were  required  for  rockets  that  were 
highly  consistent  in  performance  throughout  the 
powered  portion  of  flight.  Hence,  slant  range 
could  be  rather  accurately  related  to  flight  time 
near  burnout.  When  such  an  estimate  of  slant  range 
was  combined  with  three  observations  of  elevation 
angle,  the  resulting  set  of  equations  provided 
relatively  reliable  results. 

When  elevation  angles  alone  were  available, 
the  input  for  the  computation  consisted  of  r  , 
the  slant  range  for  time  tQ,  and  three  elevation 
angles,  eo,  c^,  and  corresponding  to  times  tQ, 
t^,  and  t^.  The  times  were  related  so  that 
t0  <  t  <  t^  with  tQ  occurring  on  the  upward  leg 
of  the  trajectory  and  on  the  downward  leg  if 
possible.  All  three  times  were,  of  course,  selected 
for  a  drag-free  portion  of  the  trajectory. 

Proceeding  with  the  derivations,  the  assumed 

value  for  r  and  the  observed  e  may  be  substituted 
o  o 

directly  into  Equations  B.16  and  B.17  to  determine 
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the  position  of  the  rocket  at  the  initial  time, 
tQ.  With  pQ  and  yQ  known,  Equations  B.  22  and 
B.23  may  be  solved  for  the  unknowns,  p^  and  y^. 

9  O  O 

The  resulting  solution  consists  of 

P0  *  tD^o+  1/2  ST1T2)+Ep0]/P  (B.24) 

=  [(tan  e2(po+;oT2)-yo)/T2]+gT2/2  (B.25) 

where, 

D  =  (T2-T1) 

E  *  (T^  tan  e2-T2  ^an  el^ 

F  *  T^T2(tan  e^-tan  e2) 

B . 4  RESULTS 

The  trajectories,  which  are  presented  in  graphi¬ 
cal  form  in  Figures  B.l  through  B.54,  were  determined 
from  the  best  observations  available  for  the  par¬ 
ticular  rocket.  Where  possible,  the  computed  tra¬ 
jectories  were  derived  from  flight  paths  obtained  by 
missile  tracking  systems  such  as  radar  or  the  Cubic 
system.  For  these  flight  paths,  parabolic  tra¬ 
jectories  were  fitted  to  the  tracking  results.  In 
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the  absence  of  data  from  radar  or  the  Cubic  system, 
flight  paths  were  computed  by  one  of  the  methods 
previously  described.  In  general,  elevation  angle 
measurements  were  preferred  to  observations  of 
slant  range  for  input  data;  the  latter,  in  turn, 
were  given  preference  over  rate  of  change  in  slant 
range.  This  order  of  priority  was  dictated  by  the 
methods  of  measurement  which  resulted  in  better 
accuracy  in  the  angle  measurements  than  in  the 
observations  of  slant  range.  In  Figures  C.10 
through  C.3^  are  plotted  the  azimuth-elevation  data 
derived  from  the  GMD  tracking  system  and  used  as 
the  principal  source  of  angle  measurements  for  the 
trajectory  determinations. 

The  parameters  which  characterized  the  motion 
of  each  rocket  are  presented  in  Table  B.l.  In 
addition,  the  source  of  the  input  data  for  the 
trajectory  determination  of  each  rocket  is  indi¬ 
cated.  Elevation  angle  input  is  represented  by  e 
and  slant  range  by  r.  The  value  for  g  is  an 
average  value  based  on  the  apogee  of  the  flight 
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path.  In  practice,  initial  estimates  were  adjust¬ 
ed  by  an  iterative  procedure  until  the  values  for 
g  were  consistent  with  the  computed  trajectory. 

It  should  be  observed  that  trajectories  for 
Rockets  8  and  9  were  well  determined  by  radar. 

These  trajectories  were  of  sufficient  duration  that, 
to  obtain  a  better  fit  to  the  observations,  p  was 
redefined  by  the  equation: 

p  =  p  +p  T+(l/2)*p*  T2  (B.26) 

0  v  v 

•  • 

For  Rocket  8,  pQ  *  -  0.0005^6  km/sec2,  and  for 

•  • 

Rocket  9,  P  =  -  0.000^78  km/sec2. 

O 

A  three-dimensional  trajectory  may  be  obtained 
from  the  parameters  of  Table  B.l  by  adding  the 
following  equations  to  the  previous  development: 

x  *  p  cos  o  (B.27) 

z  -  p  sin  o  (B.28) 

where  a  is  the  azimuth  angle  measured  clockwise 
from  north.  A  right-hand  coordinate  system  is 
formed  by  x,  y,  and  z,  in  which  y  is  the  vertical, 
x  is  positive  north,  and  z  is  positive  to  the  east. 
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The  origin  of  the  system  is  located  at  Point  John. 
The  unit  of  length  in  the  table  is  the  kilometer, 
and  the  unit  of  time  is  the  second.  tQ  is  the  time 
after  launch. 

B.5  DISCUSSION 

The  accuracy  of  the  computed  trajectories  is 
primarily  a  function  of  the  type  of  input  data 
used  to  determine  the  trajectory  parameters.  The 
most  accurate  reductions  consist  of  the  results 
derived  from  radar  and  Cubic  tracking  measurement. 
Of  moderate  accuracy  are  those  based  on  elevation 
angle  measurements.  Finally,  the  reductions  of 
uncertain  quality  are  those  derived  soley  from 
measurements  of  slant  range. 

The  predominant  error,  in  the  parabolic 
flight  paths  fitted  to  the  reductions  of  radar  and 
Cubic  tracking  data,  entered  as  a  result  of 
assuming  parabolic  motion.  The  tracking  error  of 
either  system  is  negligible  in  comparison  to  the 
error  introduced  by  the  curve-fitting  procedure. 
Hence,  the  error  in  the  computed  trajectory  is 
essentially  equivalent  to  the  error  in  fitting. 


42 


SECRET 


Generally,  the  uncertainty  in  position  for  such 
trajectories  varies  from  0.5  km  on  the  upward  leg 
of  the  trajectory  to  1.5  km  on  the  downward  leg. 

In  considering  the  quality  of  the  trajectory 
determination  for  other  types  of  input  data, 
direct  evaluation  of  the  errors  is  impossible, 
since  there  exists  no  well-defined  trajectory  for 
comparison.  However,  Table  B.2  offers  a  method 
for  indirectly  evaluating  the  accuracy  of  those 
trajectories  which  were  derived  from  measurements 
of  elevation  angles.  Presented  in  Table  B.2  are 
estimates  of  altitudes  at  which  the  rockets 
began  to  nose-over  upon  reentry  into  the  effective 
atmosphere  on  the  downward  leg  of  the  trajectory. 
This  reentry  phase  is  primarily  a  function  of  the 
aerodynamic  characteristics  of  the  rocket.  The 
entries  in  Table  B.2  were  obtained  by  estimating 
nose-over  times  from  the  occurrence  of  discon¬ 
tinuities  in  magnetometer  records  and  also  in 
GMD  and  AGC  field  strength  measurements.  For  many 
rockets,  these  times  could  be  determined  from  all 
three  sources  with  an  accuracy  of  from  1  to  5 
seconds.  Missile  altitudes  corresponding  to 
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nose-over  times  were  extracted  from  the  computed 
trajectories  for  entry  in  Table  B.2,  When  more 
than  one  measurement  of  nose-over  time  was  avail¬ 
able  for  a  rocket,  an  average  value  was  used.  It 
is  observed  that  the  values  are  quite  well 
clustered  for  each  rocket  type.  Since  for  every 
rocket,  the  reentering  vehicle  consists  of  the 
payload  and  last  stage,  it  is  reasonable  to  in¬ 
clude  the  Honest  John-Nike  and  Honest  John-Nike- 
Nike  missiles  together  for  comparison.  Excellent 
agreement  in  nose-over  altitude  is  apparent  for 
both  types  of  rockets  regardless  of  the  source 
of  the  reduction  data.  This  strongly  suggests 
that  the  accuracy  of  the  trajectories  based  solely 
on  elevation  angle  data  is  equivalent  to  that  of 
trajectories  derived  from  radar  or  Cubic  tracking 
data.  However,  other  error  evaluations  indicate 
that  the  latter  may  be  slightly  more  accurate. 
Hence,  reasonable  estimates  of  positional  error 
for  trajectories  determined  from  observations  of 
elevation  angles  would  vary  from  1  to  2  km  over 
the  initial  portion  of  the  trajectory,  to  2  to  3 
km  near  reentry. 
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Only  two  nose-over  altitudes  were  available 
for  rockets  of  the  D-4  type.  These  altitudes  were 
84.7  1cm  for  Rocket  22,  and  59.7  km  for  Rocket  25. 
These  values  are  not  necessarily  in  poor  agree¬ 
ment  if  it  is  considered  that  Rocket  25  was  well 
behaved,  whereas  the  poor  performance  of  Rocket 
22  resulted  in  such  erratic  motion  that  the  missile 
very  probably  did  not  reenter  tail  first.  The 
low  nose-over  altitude  for  Rocket  25  is  quite 
reasonable^  since  the  reentry  vehicle  for  this 
rocket  had  no  tail  fins. 

It  is  difficult  to  estimate  errors  for 
reductions  derived  from  range-only  measurements. 
Huge  errors  could  result  from  a  shift  in  the  fre¬ 
quency  of  the  transmitter.  If  such  a  shift  were 
abrupt,  it  could  be  observed  and  corrected. 

However,  no  satisfactory  method  was  available  for 
the  detection  of  gradual  shifts  in  the  transmitter 
frequency.  A  reasonable  estimate  of  positional 
error  in  such  reductions  would  be  1  to  5  km  on  the 
upward  leg  of  the  trajectory  growing  to  5  to  15  km 
near  reentry. 
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Rocket  19  required  special  attention.  The 
only  observation  available  consisted  of  a  record¬ 
ing  of  doppler  frequency  as  a  function  of  time. 

This  record  was  known  to  be  of  poor  quality  as  a 
result  of  frequency  drift.  In  measuring  nose- 
over  altitudes,  it  was  observed  that  Rocket  19 
turned  over  at  345  seconds  after  launch,  whereas 
Rocket  26  nosed  over  at  346  seconds.  These 
rockets  were  identical  and  were  programmed  to 
fly  identical  trajectories.  The  flight  path  for 
Rocket  26  was  well  determined  by  radar  tracking. 
Therefore,  it  was  concluded  that  the  best  esti¬ 
mate  for  the  trajectory  of  Rocket  19  could  be 
obtained  by  using  the  results  for  Rocket  26,  shifted 
to  the  appropriate  azimuth  for  Rocket  19. 

In  conclusion,  positional  errors  probably  vary 
from  0.5  to  1.5  km  for  Rockets  8,  9»  11,  15,  17, 

19,  20,  24,  26,  27,  28,  and  29;  from  1  to  3  km 
for  Rockets  2,  4,  6,  7,  10,  12,  13,  14,  18,  21,  23, 
and  25;  and  from  1  to  15  km  for  Rockets  1,  5,  and 
22. 
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TABLE  B.l  SOURCE  OP  INPUT  DATA  FOR  DETERMINING  ROCKET  TRAJECTORIES 
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TABLE  B.2  ESTIMATED  NOSE-OVER  ALTITUDES  FOR  SEIECTED  ROCKETS 
OF  PROJECTS  6.2,  6.3,  AND  6.4 


Rocket  Input  Rocket  Nose-over 


Number 

Data 

Altitude 

2 

€ 

NC 

83.6  km 

100.3  : 

6 

€ 

NC 

79-9 

101.1 

10 

€ 

NC 

84.0 

97.4 

13 

e 

NC 

78.8 

97-1 

21 

€ 

NC 

80.0 
average  8l.3 

105.5 

4 

e  and  r 

HJNb 

63.5 

85.0 

11 

Cubic 

HJN 

66.2 

79-7 

12 

€ 

HJN 

67.4 

81.6 

14 

€ 

HJN 

68.1 

93-9 

17 

Radar 

HJN 

65.2 

average  66.1 

82.1 

19 

d 

2° 

HJNp 

66.9 

162.6 

20 

Cubic 

HJNp 

64.9 

161.8 

24 

Cubic 

HJNp 

63.4 

154.0 

26 

Radar 

HJNp 

66.9 

162.6 

27 

Cubic 

HJNp 

63.7 

158.0 

28 

Radar 

HJN 

69.2 

average  65.8 

152.0 

^ike -Cajun 
^Honest  John -Nike 
CHonest  John -Nike -Nike 
^Based  on  results  of  Rocket  26 
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Figure  B.l  Trajectory  for  Rocket  1,  Star  Fish.. 
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Figure  B.2  Trajectory  for  Rocket  2,  Star  Fish. 
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Figure  B.3  Trajectory  for  Rocket  4,  Star  Fish. 
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Figure  B.4  Trajectory  for  Rocket  5,  Star  Fish. 
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B.5  Trajectory  for  Rocket  6,  Star  Fish. 
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Figure  B.6  Trajectory  for  Rocket  7,  Star  Fish. 
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Figure  B.8  Trajectory  for  Rocket  9,  Star  Fish. 
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Figure  B.9  Trajectory  for  Rocket  10,  Blue  Gill. 
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Figure  B.10  Trajectory  for  Rocket  11,  Blue  Gill. 
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Figure  B.ll  Trajectory  for  Rocket  12,  Blue  Gill. 
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Figure  B.12  Trajectory  for  Rocket  13,  Blue  Gill. 
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Figure  B.13  Trajectory  for  Rocket  14,  Blue  Gill. 
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Figure  B.14  Trajectory  for  Rocket  15,  Blue  Gill. 
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Figure  B.15  Trajectory  for  Rocket  17 .  Blue  Gill. 
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Figure  B.16  Trajectory  for  Rocket  18,  Blue  Gill. 
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Figure  B.18  Trajectory  for  Rocket  20,  King  Fish. 
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Figure  B.19  Trajectory  for  Rocket  21,  King  Fish. 


67 


SECRET 


80 


400 


400 


100  240  320 

HORIZONTAL  RANGE  -  KM 

Figure  B.20  Trajectory  for  Rocket  22,  King  Fish. 
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Figure  B.21  Trajectory  for  Rocket  23,  King  Fish. 
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Figure  B.22  Trajectory  for  Rocket  24,  King  Fish. 
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Figure  B.23  Trajectory  for  Rocket  25,  King  Fish. 
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Figure  B.24  Trajectory  for  Rocket  26 ,  King  Fish. 
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Figure  B.25  Trajectory  for  Rocket  27,  King  Fish. 
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Figure  B.26  Trajectory  for  Rocket  28,  King  Fish. 


74 


SECRET 


Figure  B.27  Trajectory  for  Rocket  29,  King  Fish. 
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Figure  B.28  Slant  range  versus  time  for  Rocket  1,  Star  Fish. 
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Figure  B.31  Slant  range  versus  time  for  Rocket  5,  Star  Fish. 
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Figure  B.32  Slant  range  versus  time  for  Rocket  6,  Star  Fish. 
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Figure  B.33  Slant  range  versus  time  for  Rocket  7,  Star  Fish. 
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Figure  B.34  Slant  range  versus  time  for  Rocket  8,  Star  Fish 
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Figure  B.35  Slant  range  versus  time  for  Rocket  9,  Star  Fish 
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Figure  B.36  Slant  range  versus  time  for  Rocket  10,  Blue  Gill. 
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Figure  B.38  Slant  range  versus  time  for  Rocket  12,  Glue  Gill. 
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Figure  B.39  Slant  range  versus  time  for  Rocket  13,  Blue  Gill. 
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Figure  B.40  Slant  range  versus  time  for  Rocket  14,  Blue  Gill 
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versus  time  for  Rocket  19,  King  Fish. 
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Figure  B.47  Slant  range  versus  time  for  Rocket  22,  King  Fish. 
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Figure  B.48  Slant  range  versus  time  for  Rocket  23,  King  Fish. 
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Figure  B.50  Slant  range  versus  time  for  Rocket  25,  King  Fish 
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Figure  B.52  Slant  range  versus  time  for  Rocket  27,  King  Fish. 
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APPENDIX  C 


PROPAGATION  EXPERIMENT:  INSTRUMENTATION  AND  PERFORMANCE 

C.l  GROUND  INSTRUMENTATION  AND  PERFORMANCE 

C,l.l  Three-Freauency  Experiment  Ground  Instru¬ 
mentation.  The  ground  receiving  antennas 
for  reception  of  signals  at  37,  148,  and  888  Me  are 
shown  in  Figures C.l,  C.2,  and  C.3,  respectively.  The 
performance  of  these  antennas  was  satisfactory  regard¬ 
ing  their  basic  physical  and  electrical  properties; 
however,  because  of  their  fixed  beam  orientation,  they 
were  often  receiving  signals  considerably  off  from  their 
main  lobe  axis,  with  attendant  reduction  in  gain  and 
highly  elliptical  polarization.  There  is  also  a  possi¬ 
bility  that  their  beam  patterns  were  significantly  dis¬ 
torted  because  of  their  close  proximity  to  each  other  and 
to  adjacent  reflecting  objects  such  as  metal  masts, 
trailers,  and  overhead  power  lines  and  transformers. 

Since  the  three-frequency  experiment  is  basically  a 
differential  measurement  of  the  carrier  frequency  signal 
phase, any  differential  distortion  of  the  radiation  phase 
patterns  of  the  ground  antennas  as  a  function  of  angle  to 
reception  can  introduce  errors.  The  characteristics  of 
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the  ground  antennas  are  summarized  in  Table  C.l 

The  helix  lengths  were  shortened  for  Blue 
Gill  and  King  Fish  events.  This  was  done  to 
broaden  the  antenna  pattern  for  improved  reception 
off  axis  of  the  helix  in  the  event  that  the  rocket 
flight  direction  differed  appreciably  from  pre¬ 
dicted,  as  was  the  case  for  Star  Fish.  An  addi¬ 
tional  set  of  148-Mc  helixes  was  installed  for 
Blue  Gill  and  King  Fish  to  cover  the  large 
differences  in  launch  angles  of  the  rockets  carry¬ 
ing  the  three-frequency  experiment.  The  proper 
antennas  were  connected  to  the  receivers  by 
means  of  remotely  controlled  coaxial  relays.  The 
888-Mc  antennas  were  put  on  mounts  remotely  con¬ 
trolled  in  azimuth  and  elevation  for  proper 
orientation  to  cover  the  different  rocket  flight 
directions. 

The  ground  antennas  were  designed  and  tested 
by  BRL  and  built  by  the  General  Development 
Corporation,  Elkton,  Maryland. 

Preamplifiers  were  placed  at  each  antenna  to 
provide  sufficient  gain  to  overcome  the  loss  in  the 
long  feed  cables  to  the  receivers  and  give  maximum 


104 


SECRET 


signal-to-noise  performance.  The  37-  and  143-Mc 
preamplifiers,  designed  and  built  at  BRL  (Reference 
69  ) ,  had  40-db  gain  and  a  3  to  4  noise  figure. 

The  888-Mc  preamplifiers,  supplied  by  the  Applied 
Research  Corporation,  had  30-db  gain  and  a  7-  to  8-db 
noise  figure. 

The  receivers  were  of  the  triple  conversion 
superheterodyne  type  with  the  original  design  pro¬ 
viding  for  all  of  the  local  oscillator  signals  to 
be  derived  from  one  frequency  standard^ to  provide 
phase-coherent  doppler  data  at  the  three  fre¬ 
quencies.  However,  the  synthesizer  which  provided 
the  nine  harmonically  related  frequencies  was 
found  to  have  excessive  phase  jitter  on  the  highest 
local  oscillator  frequency  for  the  148-  and  888-Mc 
receivers.  A  last-minute  change  in  the  design  was 
made  at  Johnston  Island  using  separate  local 
oscillator  frequency  sources  which  cured  the  phase 
jitter  problem  but  left  the  37-  and  148-Mc  doppler 
outputs  noncoherent,  i.e.,  the  dispersive  doppler 
data  had  to  be  corrected  for  local  oscillator  fre¬ 
quency  drift.  The  receivers  were  used  in  this 
manner  for  Star  Fish— for  later  events  additional 
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design  changes  were  made  which  cured  the  phase 
jitter  problem  and  restored  the  phase-coherent 
doppler  outputs.  Considerable  difficulty  was  ex¬ 
perienced  with  birdies  (spurious  signals)  in  the 
888-Mc  receiver  output,  which  was  serious  because 
of  the  possibility  of  locking  the  tracking  filter 
on  to  a  false  signal.  The  trouble  was  minimized 
by  separation  of  common  power  supplies  from  local 
oscillator  signal  sources.  The  commercial  888-Mc 
receivers  were  very  unstable,  requiring  frequent 
adjustment  of  the  input  RF  stages  and  the  automatic 
gain  control  (AGC)  dc  amplifier  stages. 

Electronic,  phase-locked  tracking  filters 
(Reference  30  )  were  used  at  the  last  intermediate 

frequency  (IF)  output  of  each  receiver  channel. 
These  frequencies  were  4,  16,  and  96  kc  at  37,  148, 
and  888  Me,  respectively.  These  were  very  narrow 
bandpass  filters  whose  center  frequency  tracked 
the  input  frequency.  This  was  accomplished  auto¬ 
matically  by  the  use  of  a  phase-locked,  servo- 
controlled  circuit.  A  large  signal-to-noise  im¬ 
provement  in  the  output  as  compared  to  the  input 
was  obtained.  Bandwidths  of  25,  50,  and  100  cps 
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were  used  at  37,  148,  and  888  Me,  respectively, 
during  the  burning  phases  of  the  rockets.  Reduced 
bandwidths  were  used  thereafter  for  maximum  signal- 
to-noise  improvement.  Another  feature  of  the 
tracking  filters  was  their  constant-amplitude  out¬ 
put  which  was  necessary  for  the  doppler  adding  and 
differential  mixing  circuits.  The  filter  enabled 
tracking  of  signals  which  were  less  than  the  noise 
at  the  receiver  output.  The  tracking  filters  were 
models  IV  and  VIII,  Interstate  Engineering 
Corporation,  Anahiem,  California,  and  Model  207, 
Electrac  Corporation,  Anahiem,  California. 

The  outputs  of  the  tracking  filters  on  the 
37-,  148-,  and  888-Mc  channels  were  the  respective 
biased  doppler  frequencies.  In  order  to  remove 
rocket  spin  and  faraday  effects,  the  biased doppler 
from  37-Mc  right-  and  left-hand  circularly  pola¬ 
rized  channels  were  added  and  doubled,  giving  8  kc 
plus  twice  the  37-Mc  doppler  frequency.  Similarly, 
the  biased  doppler  from  the  148-Mc  oppositely 
polarized  channels  was  divided  by  four,  added,  then 
divided  by  two,  giving  8  kc  plus  one-half  the  148-Mc 
doppler  frequency.  The  37-  and  148-Mc  added  outputs 
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were  combined  in  a  differential  mixer  giving  the 
desired  dispersive  doppler  data,  i.e.,  one-half 
the  doppler  at  148  Me  minus  2  times  the  doppler  at 
37  Me. 

A  similar  mixing  process  was  used  between  the 
148-  and  888-Mc  received  signals  giving  the  desired 
dispersive  doppler  data. 

Faraday  rotation  data  was  obtained  by  the 
procedure  outlined  below. 

If  the  rj.ght  hand  (RH)  and  left  hand  (LH) 

3 7 -Me  tracking  filter  outputs  are  differenced,  the 
resulting  electrical  signal  contains  information 
given  by  the  expression; 

(f„+f,+f  )  -  (f  -  f  -  f  )  =  2 ( f  +  f  )  (C.l) 

fds  dfs  f  s  37 

where,  f„  is  the  faraday  rotation  freauency,  f ,  is 
i  d 

true  doppler  frequency, and  f  is  the  rocket  spin 
frequency.  In  a  similar  fashion,  differencing  RH 
and  LH  148-Mc  tracking  filter  outputs  gives 


2(ff+Vl48 


( C .  2 ) 
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Differencing  Equations  C.l  and  C.2  gives. 


2<  Wus  ’  2(  W37 


(0.3) 


However,  =  (fg)^  (sPin  effect  is  in¬ 


dependent  of  frequency),  so  that  the  expression 
may  be  rewritten. 


(f  ) 
Uf'l48 


-  <V37 


It  follows  then,  the  differencing  operation 
represented  by  the  expression  C.3  furnishes  the 
difference  in  faraday  rotation  rates  at  148  and 
37  Me.  A  similar  mixing  process  was  used  to 
obtain  the  difference  in  faraday  rotation  between 
888  and  148  Me.  A  block  diagram  of  the  complete 
mixing  system  is  shown  in  Figure  5.7. 

The  complete  data-handling  system  was  con¬ 
ceived,  designed,  and  built  at  BRL. 

A  combination  of  paper  chart  and  magnetic 
tape  recorders  was  used  for  data  recording. 
Receiver  AGC,  spin,  faraday,  and  dispersive 
doppler  data  were  recorded  on  two  8-channel  Brush 
recorders,  one  in  each  receiver  trailer.  Four 
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Ampex  PR  114  tape  recorders  were  used,  employing 
2000-foot  reels  of  tape  run  at  60  inches  per 
second  to  record  the  biased  dippler  frequencies 
which  were  as  high  as  110  kc  on  the  888-Mc  channel. 

The  received  signal  strengths  were  recorded 
for  the  following  frequencies:  36.44,  36.94, 

145.76,  147.76,  874.56,  and  886.56  Me.  Paper 
chart  recorders  were  used  to  record  the  AGC 
voltages  from  the  receivers  and  tracking  filters. 

Chart  deflection  was  calibrated  against  input 
signal  to  the  receiver  preamplifier  in  decibels 
below  1  milliwatt  (dbm).  The  calibration  signal 
was  fed  out  to  the  preamplifier  in  the  antenna 
field  through  a  coaxial  cable  whose  attenuation 
was  measured  and  accounted  for  in  calibrating 
the  chart  recorder.  A  remotely  controlled  coaxial 
relay  was  used  to  disconnect  the  antenna  and 
connect  the  calibrate  cable  to  the  preamplifier  input. 
The  remotely  controlled  relay  permitted  auick  checks 
of  the  calibration  just  prior  to  and  following 
the  rocket  flights,  to  minimize  errors  due  to 
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receiver  drift.  Calibration  signals  were  obtained 
from  an  HP  608D  signal  generator  for  the  37-  and 
147-Mc  signals,  and  from  a  special  crystal- 
controlled  generator  for  888  Me. 

The  basic  source  of  standard  frequencies 
was  a  radio-frequency  oscillator,  Borg  Corporation 
Type  0-^71  (XN-1)/U,  which  produced  frequencies 
of  100  kc,  1  Me,  and  5  Me  with  an  accuracy  of  2 

O 

parts  in  10  .  Since  frequencies  other  than  the 
basic  100  kc  from  the  Borg  standard  were  required 
in  various  parts  of  the  instrumentation  system, 
both  divider  and  multiplier  circuits  were  used 
to  cover  the  necessary  range. 

The  Electronic  Engineering  Company's  time 
code  generator.  Model  ZA-1935* produced  outputs 
of  10  kc  and  1  cps  CW  or  pulsed,  as  well  as  1 
pulse/minute  and  1  pulse/10  minutes,  all  derived 
from  the  100  kc  of  the  Borg  standard.  In  addition, 
the  unit  generated  a  time  code  suitable  for  re¬ 
cording  on  magnetic  tape  and  displayed  this  time 
code  on  decimal  indicators  of  hours,  minutes, 
and  seconds.  These  were  set  to  correspond  with 
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Universal  Time  received  from  WWVH. 

There  are  two  major  functions  performed 
by  the  station  timing  system:  (1)  synchronized 
control  of  data  recording  equipment,  and  (2) 
indication  of  time  on  the  recorded  outputs. 

Pulse  shapers  and  inverters  produced  the  desired 
polarity,  duration,  and  amplitude  of  signals 
for  the  timing  applications. 

An  analysis  of  the  888-Mc  channel  performance 
disclosed  several  factors  that  caused  the  noisy 
signals  and  short  records.  The  888-Mc  channel 
was  originally  designed  for  a  500-mw  transmitter, 
but  the  contractor  could  not  meet  the  500-mw  output 
specification  in  the  time  allotted,  and  instead 
delivered  transmitters  which  gave  between 
80-  and  150-rnw  output,  thereby  introducing 
a  7-db  reduction  in  the  system  margin.  The  wide 
divergence  of  rocket  flight  trajectories  from 
those  predicted  caused  off-beam  reception  in 
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the  888-Mc  ground  helixes  which  introduced 
another  3-  to  6-db  reduction  in  signal.  The 
local  oscillator  injection  signal  for  the 
888-Mc  receiver  had  phase  jitter  that  caused 
a  4-  to  6-db  r»  ’iction  in  receiver  sensitivity. 
The  888-Mc  rocket  antennas  had  radiation 
patterns  which  were  quite  deeply  lobed  because 
of  the  large  dimensions  of  the  rocket  compared 
with  the  transmitted  wavelength  and  the  inter¬ 
fering  effects  of  the  many  other  protruding 
antennas  nearby.  The  total  effect  of  all  of 
these  factors  added  up  to  between  20  and  30  db 
of  additional  loss  when  they  occurred  simul¬ 
taneously,  which  would  account  for  the  noisy 
signals  and  short  records  observed  in  many 
instances . 

C.1.2  Satellite  Experiment  Ground 

Instrumentation.  The  transmissions 
received  on  the  ground  were  the  54-  and  324  — 

Me  harmonically  related  CW  signals  from 


113 


SECRET 


the  Transit  4A  and  4b  satellites.  Three 
independent  tracking  channels  were  used,  two  on 
54  Me  and  one  on  324  Me  (Figure  5.8). 

On  both  54-Mc  receiving  channels,  the  antennas 
used  were  standard  dipoles  with  half-wavelength 
elements  placed  horizontally,  one-half  wavelength 
above  the  ground  plane.  One  of  the  dipoles  was 
stationary  throughout  a  satellite  pass.  The 
second  dipole  was  mounted  on  a  pedestal  which  was 
motor  driven  to  rotate  in  azimuth  at  about  30  rpm 
during  the  pass,  this  rate  being  large  compared  to 
the  predicted  magnitude  of  the  faraday  rotation 
rate  (Figure  C.4).  The  tracking  channel  associated 
with  the  54-Mc  rotating  dipole  was  used  primarily 
to  obtain  faraday  rotation  data.  The  antenna 
rotation  allowed  determination  of  the  direction 
of  faraday  rotation  and  enabled  more  faraday  phase 
and  rate  fixes  than  were  obtainable  with  a  non¬ 
rotating  dipole. 

Each  time  the  direction  of  the  incoming  linearly 
polarized  signal  (or  major  axis  of  an  elliptically 
polarized  signal)  became  perpendicular  to  the 
length  of  the  dipole^,  there  was  a  minimum  in  signal 
strength  concurrent  with  a  sudden  180°  phase  shift. 
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The  antenna  pedestal  was  equipped  with  a 
rotary  joint  to  feed  the  RF  signal  from  the 
antenna  to  the  preamplifier.  In  addition,  a 
contact  switch  on  the  pedestal  closed  a  f ew 
milliseconds  for  each  revolution  of  the  antenna 
and  provided  a  marker  pulse  for  determination 
of  the  antenna  orientation  and  rotation  rate. 

It  had  been  anticipated  that  the  rotating 
joint  feeding  the  signal  from  the  rotating 
dipole  to  the  base  might  introduce  an  intolerable 
amount  of  noise  into  the  signal.  However,  it 
was  found  that  noise  introduced  had  a  negligible 
effect  on  the  remainder  of  the  system.  In  many 
cases,  the  rotating  dipole  data  channel  was 
able  to  track  the  satellite  over  longer  periods 
of  time  than  the  fixed  dipole  channel. 

The  antenna  used  for  receiving  the  324-Mc 
signal  was  a  right-hand,  8-turn  helix  (Figure  C.5). 
The  first  antennas  tried  were  324-Mc  dipoles,  but 
these  were  unsatisfactory  because  the  satellite 
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radiated  such  a  small  amount  of  power  at  this  fre¬ 
quency  that  an  antenna  with  some  gain  was  required. 
Because  of  the  rotation  direction  of  the  component 
of  circular  polarization  of  the  radiated  signal  at 
the  satellite,  a  right-hand-polarized  antenna  was 
needed. 

Each  antenna  fed  a  preamplifier  unit  situated 
at  the  antenna  location.  These  preamplifiers  were 
designed  and  built  at  BRL.  They  had  an  overall 
gain  of  40  db,  a  noise  figure  of  4  db,  and  a  pass- 
band  of  2  Me.  They  exhibited  excellent  stability 
and  reliability  under  field  conditions  over  long 
periods  of  operation. 

The  output  of  the  preamplifiers  was  fed  through 
long  coaxial  cables  into  the  tracking  station  where 
it  served  as  the  input  to  the  receivers.  In  the 
54-Mc  channels,  the  Neir.s-Clarke  Model  2501  special- 
purpose  receivers  were  used  directly.  These 

were  designed  for  the  reception  of  AM  and 
CW  signals,  tunable  over  a  range  of  55  to  260  Me, and 
had  a  noise  figure  of  6  db  maximum  at  antenna  input. 
They  were  provided  with  a  50-ohm  antenna  input  and 
an  additional  50-ohm  input  to  the  second  RP  ampli¬ 
fier^  to  allow  for  the  injection  of  a  known  reference 
signal  for  comparison  with  the  received  signal. 
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In  the  324-Mc  channel,  it  was  necessary  to 
extend  the  operating  range  of  the  Model  2501 
receiver.  This  was  accomplished  by  the  addition 
of  a  range  extender  unit,  Nems-Clarke  Model 
REU-300B.  This  unit  was  designed  to  operate  in 
a  50-ohm  system,  had  a  noise  figure  of  14  db,  and 
was  tunable  from  250  to  900  Me. 

A  frequency  synthesizer  manufactured  by 
Rodhe  and  Schwarz  provided  the  required  RF  in¬ 
jection  frequency  into  the  receiver  for  the 
reception  of  doppler  information.  The  unit  pro¬ 
duced  a  continually  adjustable  frequency  over  the 
range  of  30  cps  to  30  Me  from  an  internal  or 
external  100-kc  source.  Besides  the  adjustable 
frequency,  other  outputs  provided  were  10-kc  and 
1-kc  CW,  and  10-kc  and  1-kc  pulses.  During 
tracking  operations,  the  output  frequency  remained 
constant  to  within  +  1  cps  over  a  20-minute  period 
of  time. 

A  frequency  multiplier  was  used  in  conjunction 
with  the  synthesizer  for  frequencies  above  30  Me. 

In  the  case  of  the  54-  and  324-Mc  Transit  fre¬ 
quencies,  the  frequency  multiplier  used  the  27-Mc 
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output  of  the  synthesizer  as  input  to  two  channels. 
The  first  channel  simply  doubled  the  frequency  to 
54  Me,  while  the  second  channel  doubled,  then 
tripled,  and  again  doubled  the  frequency  to  pro¬ 
duce  324  Me. 

The  basic  function  of  the  tracking  filter 
used  (Reference  70  )  was  to  provide  the  detection 

of  doppler  signals  much  weaker  than  the  noise  at 
the  output  of  the  receiver.  A  signal-to-noise 
improvement  between  20  and  30  db  was  obtained  by 
use  of  an  extremely  narrow  filter  bandwidth 
relative  to  the  input  signal  bandwidth. 

The  outputs  of  the  tracking  filters  on  the 
54-Mc  and  324-Mc  channels  were  audio-frequencies, 
and  corresponded  to  the  biased  doppler  frequencies. 
The  54-Mc  doppler  was  multiplied  by  six  and  sub¬ 
tracted  from  the  324-Mc  doppler  to  obtain  the 
dispersive  doppler.  The  equipment  for  doing  this 
was  the  multiplier-mixer  unit  (References  13  and  14  ) 

designed  and  constructed  at  the  BRL. 

The  total  doppler  change  during  a  pass  of  the 
Transit  satellite  was  about  2  kc  on  the  54-Mc 
carrier  and  12  kc  on  324-Mc  carrier.  To  accommodate 
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the  same  type  of  tracking  filter  in  each  channel, 
the  frequency  of  the  local  oscillator  was  set  to 
provide  an  output  frequency  bias  on  the  5^-Mc 
channel  of  2.5  kc  at  the  time  when  the  true  doppler 
frequency  was  zero.  The  bias  frequency  on  the 
324-Mc  channel  was  then  15  kc.  Therefore,  during 
the  actual  tracking  operation, the  doppler  effect 
caused  the  output  frequency  to  vary  between  1.5  kc 
and  3.5  kc  on  the  5^-Mc  channel  and  between  9  kc 
and  21  kc  on  the  324-Mc  channel.  Consequently, 
the  two  biased  doppler  frequencies  varied  by 
amounts  exceeding  one  octave,  so  that  conventional 
frequency  multipliers  could  be  used  in  this  appli¬ 
cation. 

The  cross  polarization  nulls  due  to  faraday 
rotation  of  the  5^-Mc  signal  received  by  the 
rotating  dipole  antenna  were  superimposed  on  the 
cross  polarization  nulls  due  to  the  antenna  rotation. 
The  faraday  fading  frequency  varied  from  a  maximum 
of  about  0.3  cps  when  the  satellite  was  south  of 
Johnston  Island  to  zero  when  the  satellite  was 
north  of  the  Island.  The  antenna  rotation  fre¬ 
quency  was  about  0.5  cps,  giving  an  antenna  fading 
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rate  of  1  cps.  Hence,  the  faraday  frequency  acted 
as  a  small  frequency  modulation  on  the  antenna 
rotation  carrier.  Therefore,  the  frequency  of  the 
resultant  signal,  as  it  appeared  at  the  correlation 
output  of  the  tracking  filter,  varied  between  the 
limits  of  0.7  cps  to  1.3  cps.  During  periods  of 
very  low  signal  level,  there  was  also  present  at 
the  correlation  output  varying  amourts  of  noise 
due  to  phase  jitter  which  was  not  related  to 
faraday  rotation.  Since  this  noise  was  usually  of 
a  frequency  high  compared  with  1  cps,  a  very  low 
pass  filter  of  2-cps  cutoff  was  introduced  to 
eliminate  it.  Using  conventional  construction, 
this  filter  would  have  been  too  large  to  be  practi¬ 
cal.  Therefore,  a  filter  was  designed  to  employ 
electronic  multiplication  of  reactances,  resulting 
in  very  satisfactory  elimination  of  the  noise. 

The  resultant  signal, as  it  was  used  with  automatic 
digitization  equipment,  introduced  considerably 
fewer  spurious  pulses  than  did  a  nonfiltered  signal 
The  information  recorded  may  be  summarized  as 
follows:  (1)  doppler  frequency  on  three  data 
channels,  (2)  AGC  voltage  on  three  data  channels. 
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(3)  dispersive  doppler,  (4)  one-pulse-per-second 
timing,  (5)  WWVK  time,  (6)  local  oscillator  fre¬ 
quency,  and  (7)  low  pass  filtered  correlation. 

The  biased  doppler  frequency  on  one  54-Mc 
data  channel  and  the  324-Mc  data  channels  was 
also  recorded  on  analog  charts  of  frequency  versus 
time.  To  accomplish  this,  the  output  of  the 
tracking  filter  was  put  into  a  frequency  integrator. 
The  dc  output  of  the  integrator^  being  proportional 
to  the  input  frequency,  was  recorded  on  a  Varian 
Associates  paper  strip  chart  recorder  to  give  the 
desired  data. 

The  dispersive  doppler  frequency  was  recorded 
on  a  paper  strip  chart  recorder  along  with  the 
timing  pulses,  the  AGC  voltages,  low  pass  filtered 
correlation,  and  timing  pulses.  A  Brush  Instruments 
Company  8-channel  strip  chart  recorder  was  used. 

It  was  important  to  have  available  on  magnetic 
tape  the  signals  obtained  by  each  receiving  channel 
during  the  satellite  passes.  This  record  served 
as  a  backup  in  case  of  equipment  failure  in  the 
system  and  could  be  used  to  recover  the  original 
data  at  a  later  time.  Also,  the  data  on  the  magnetic 
tape  was  later  used  as  input  to  automatic  digitizing 
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equipment  in  order  to  obtain  the  dispersive 
doppler  and  faraday  rotation  throughout  the  pass. 

A  magnetic  tape  recorder,  Ampex  Model  FR-114,  was 
used  at  the  receiving  station  and  at  the  data- 
handling  station  to  record  and  play  back  the  re¬ 
ceived  signals. 

After  •  few  satellite  passes  had  been  made, 
it  became  evident  that  good  signals  could  be 
obtained  on  the  large  majority  of  passes  which 
were  within  +  600  miles  of  the  Johnston  Island 
site.  Because  part  of  the  tracking  equipment  was 
also  used  for  another  experiment,  it  was  decided 
to  confine  the  satellite  tracking  operations  to 
only  those  passes  that  were  within  the  above 
range.  Improved  signal  on  the  324-Mc  channel 
could  have  been  obtained  when  the  satellite  was 
close  to  the  horizon  if  the  antenna  could  have  been 
operated  in  a  tracking  mode.  This  was  confirmed 
by  using  an  existing  high-gain  tracking  antenna 
of  the  Cubic  Corporation  facility  on  some  selected 
passes . 

The  stability  of  the  internal  oscillator  in 
the  circuit  for  extending  the  frequency  range  of 
the  commercial  receiver  used  at  324  lie  was  not 
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completely  satisfactory.  A  long  warm-up  time 

was  necessary  to  insure 
adequate  signal  reception.  Installation  of  a 
crystal-controlled  local  oscillator  would  elimi¬ 
nate  this  difficulty  on  any  future  operations. 

In  Tables  C.2  through  C.13  are  summarized 
the  kinds  of  recordings  made  in  the  BRL  trailers 
for  both  the  rocket  and  satellite  propagation 
experiments . 

C.1,3  GMD  Telemetry  and  Tracking  Ground 
Instrumentation.  The  purpose  of 
using  the  GMD  radiosonde  ground  set  was  twofold: 

(1)  the  GMD  served  as  a  backup  telemetry  system, 

(2)  the  GMD  served  as  a  backup  angular  tracking 
system.  In  the  nose  cones  employed  on  Nike-Cajun 
rockets,  there  was  insufficient  space  fcrthe  Cubic 
Corporation  (AME/DME)  tracking  beacon,  and  the 
GMD  beacon  furnished  the  only  source  of  tracking 
information  for  these  vehicles. 

The  GMD  set,  originally  designed  to  track 
a  balloon-borne  radiosonde  transmitter  in  the 
1660  to  1700-Mc  frequency  range,  was  modified 
for  rocket  tracking.  A  pictorial  view  of  the 
tracker  is  shown  in  Figure  C.6.  Figure  C.7  shows 
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the  components  of  the  GMD  tracking  and  telemetry 
system.  Three  GMD  sets  were  used,  identified  as 
sets  A,  B,  and  C.  The  physical  location  of  the 
three  GMD  antennas  relative  to  the  control  block¬ 
house  (Building  200)  and  the  telemetry  vans  is 
shown  in  Figure  C.8.  The  control  and  recording 
instruments  inside  of  the  GMD  van  are  shown  in 
Figure  C.9.  Firing  of  the  rockets  automatically 
initiated  a  one-second-interval  recording  of 
azimuth  and  elevation  data. 

Modifications  made  to  the  GMD  system  were: 

(1)  a  series  resistor  and  output  shunt  capacitor 
were  attached  to  the  receiver  AGC  in  order  to 
record  received  signal  strength,  (2)  the  control 
recorders  were  modified  to  accept  a  1/sec  printing 
rate,  (3)  an  automatic  start  relay  system  was 
built  into  each  recorder  in  order  that  the  printer 
would  start  as  each  rocket  lifted,  (4)  tunnel 
diode  RF  preamplifiers  were  used  on  Rockets  11 
through  29^ inclusive^with  the  exception  of  Rockets 
13  and  17.  The  preamplifiers  increased  the  signal- 
to-noise  ratio  of  the  GMD  recievers  by  a  factor  of 
10  db. 
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Signal  strength  recordings  were  made  on 
Brush  type  Mark  II  records.  Each  receiver  AGC 
was  calibrated  from  -20  to  -110  dbm  in  2-db  steps. 
Response  time  tests  of  the  receiver-recorder  combi¬ 
nation  were  also  made.  A  signal  decrease  of  100  db 
deflected  the  recorder  pen  from  full  scale  to  zero 
in  90  msec;  an  increase  of  100  db  deflected  the 
pen  from  zero  to  full  scale  in  10  msec. 

In  order  to  calibrate  the  tracking  mode  of 
the  system,  a  position  and  angle  survey  was  made 
for  each  GMD  set.  The  position  of  each  set  was 
surveyed  with  respect  to  the  Johnston  Island  grid 
system.  The  reference  used  for  angle  measures 
was  the  line  from  Point  Joe  to  Point  John  which 
had  a  true  bearing  of  65  degrees,  13  minutes,  19 
seconds.  In  the  Johnston  Island  grid  system,  the 
position  of  each  set  was  as  follows:  (1)  A  set. 
North  (N)  199,  670,  East  (2)  199,  705;  (2)  B  set, 

N  199,  714,  E  199,682;  (3)  C  set,  N  199,  660, 

E  199,  516.  The  accuracy  of  the  survey  was  +1.0 
foot. 

Azimuth  angles  of  each  set  were  referenced 
to  true  north;  in  order  to  determine  these  angles 
accurately,  a  reference  1670-Mc  beacon  was  placed 
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on  the  northeast  corner  of  the  balcony  on  the  air¬ 
port  control  tower.  The  true  azimuth  angles  fox 
each  tracker  were  measured  by  placing  a  transit 
over  the  reference  beacon  and  measuring  the  angle 
between  the  star  Polaris  and  each  GMD  set.  These 
measured  angles  were  corrected  for  a  bearing  of 
true  north.  The  elevation  angle  between  the 
tracker  and  the  reference  beacon  was  also  measured 
with  a  transit.  The  accuracy  of  the  measurements 
was  +  one  minute  of  arc.  Prior  to  each  series 
of  rocket  flights,  the  sets  were  locked  on  the 
reference  beacon  signal^ and  the  measured  angles 
were  set  on  the  dials  of  the  tracker  and  control 
recorder. 

In  Tables  C.14  through  C.40  are  summarized 
the  GMD  telemeter-tracking  operations  for  each 
rocket  of  Projects  6.2,  6.3,  and  6.4  carrying 
the  GMD  beacon.  Figures  C.10  through  C.34  present 
the  GMD  azimuth  and  elevation  tracking  data. 

C.2  ROCKET  INSTRUMENTATION  AND  PERFORMANCE 

C.2.1  Three-Frequency  Experiment  Rocket 
Instrumentation. 

The  rocket-borne  instrumentation  for  the  three- 
frequency  experiment  consisted  of  a  transmitting 
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beacon  and  associated  antennas.  A  block  diagram 
of  the  beacon  is  shown  in  Figure  5.1,  and  a 
photograph  in  Figure  5.2.  The  beacon  was  5.5 
inches  in  diameter  by  5  inches  long  and  weighed 
7.7  pounds.  The  fundamental  frequency  of  37  Me 
was  generated  by  a  transistorized,  crystal-con¬ 
trolled  oscillator.  The  output  of  the  crystal 
oscillator  was  amplified  by  a  transistor  ampli¬ 
fier  to  provide  two  outputs  at  37  Me.  One  out¬ 
put  was  connected  to  the  antenna  and  provided 
a  signal  power  of  150  mw.  The  other  output 
signal  was  fed  to  a  4-times  frequency  multiplier 
consisting  of  two  cascaded  transistor  doublers. 

The  148-Mc  output  from  the  multiplier  was  ampli¬ 
fied  by  a  transistor  amplifier  to  a  power  level 
of  two  watts.  One  hundred  fifty  mw  of  this 
power  was  diverted  to  the  antenna^  and  the  remainder 
was  fed  to  a  6-times  frequency  multiplier.  The 
multiplier  consisted  of  a  cascaded  varactor 
doubler  and  tripler  giving  an  output  at  888  Me  of 
150  mw. 

The  closely  controlled  temperature  for  the 
crystal  oscillator  was  obtained  by  using  the  heat- 
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of-fusion  principle  (Reference  70  ).  The 

crystal  was  submerged  in  eutectic  alloy,  Cerrolow 
117,  which  was  partially  melted  prior  to  rocket 
lift-off.  The  alloy  had  a  melting  point  of 
47°C,  which,  by  the  heat-of-fusion  principle, 
provided  a  constant  temperature  until  all  of 
the  alloy  was  melted.  A  carefully  predetermined 
amount  of  alloy  was  melted  prior  to  launch  by  an 
externally  controlled  heating  element  to  bring 
the  mixture  up  to  a  constant  temperature  and  to 
take  care  of  any  heat  loss  in  the  early  part  of 
the  flight.  During  the  preflight  thermal 
preparation,  a  careful  balance  was  maintained 
between  the  amount  of  solid  and  melted  alloy  to 
insure  that  at  take-off  sufficient  alloy  was 
melted  to  furnish  heat  lost  during  the  first 
minute  of  flight,  while  leaving  sufficient  reserve 
of  solid  material  for  absorbing  heat  in  the 
remainder  of  the  flight. 

The  three-frequency  beacon  was  powered  by 
mercury  batteries  with  voltages  of  4,  16,  and 
60  volts.  The  4-volt  battery  powered  the  os¬ 
cillator  and  had  sufficient  capacity  to  operate 
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it  for  500  hours.  The  oscillator  was  turned  on 
well  in  advance  of  firing  to  insure  stable 
operation.  The  16-  and  60-volt  batteries  could 
power  the  beacon  for  1  hour. 

A  Ledex  stepping  relay  was  used  for  turning 
the  beacon  on  and  off  remotely.  Monitor  detectors 
were  used  on  the  37-  and  888-Mc  outputs,  giving 
4  volts  at  normal  output.  The  dc  voltage  from 
these  detectors  was  telemetered  via  the  payload 
telemetering  system.  The  inside  temperature  of 
the  beacon  can  was  also  telemetered.  Only 
Rockets  11,  12,  14,  17,  and  22  showed  appreciable 
changes  in  any  of  the  telemetered  monitors; 
comments  on  these  changes  are  given  in  Tables  C.41 
through  C.58. 

Remote  indicators  in  the  blockhouse  were 
available  for  monitoring  beacon  temperature,  os¬ 
cillator  temperature,  Ledex  relay  position, 
oscillator  heater  voltage,  and  battery  voltages. 

A  diagram  of  the  beacon  control  system  located  at 
the  blockhouse  is  shown  in  Figure  C.35. 

The  37-  and  148-Mc  portion  of  the  beacon  was 
originally  designed  at  the  University  of  Michigan 
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under  a  previous  contract  with  the  BRL.  Modi¬ 
fications,  improvements,  fabrication,  and  test¬ 
ing  of  the  beacons  were  done  by  the  BRL.  The 
888-Mc  portion  of  the  beacon  was  designed  and 
built  by  the  Applied  Research  Corporation,  Port 
Washington,  New  York,  under  contract  with  the 
BRL. 

Preflight  tests  of  the  beacons  indicated 
two  problem  areas:  (1)  low  output  power  or  complete 
malfunctioning  of  the  6-times  frequency  multiplier 
unit,  and  (2)  malfunctioning  of  37-Mc  transmitting 
transistor.  The  short  time  available  for  design 
and  production  of  the  frequency  multiplier  units 
forced  the  selection  of  a  type  of  circuitry  easily 
produced  in  quantity;  however,  the  units  had  poor 
operating  efficiency,  low  output  power,  and 
critical  tuning  adjustments.  These  difficulties 
were  somewhat  alleviated  for  the  Blue  Gill  and 
King  Fish  firings  for  which  additional  frequency 
multipliers  were  made, utilizing  an  improved  type 
of  circuitry  having  a  higher  output  power. 

Frequency  drifts  of  10  to  20  cps  during 
flight  were  observed  in  some  beacon  oscillators^ 
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because  crystals  were  not  available  with  turning 
points  (df/dt  =  0)  at  the  melting  point  of  the 
alloy  (47°C).  Most  of  the  crystals  had  turning 
points  between  50° and  60°C.  Operation  at  47°C  • 

in  these  cases  placed  the  operating  point  on  the 
steep  negative  slope  of  the  crystal  frequency 
versus  temperature  coefficient  (10  cps  per  degree 
centigrade).  The  alloy  method  was  very  simple 
and  reliable,  but  securing  large  quantities  of 
crystals  with  turning  points  coincident  with  the 
alloy  melting  point  was  very  expensive. 

Sudden,  permanent  shifts  of  beacon  crystal 
frequency  of  20  to  30  cps  were  caused  by 
acceleration  during  rocket  burning  and  after  burn¬ 
out.  Most  of  the  frequency  shifts  occurred  at 
burnout  of  the  second  Nike  booster  (approximately 
60  g) .  The  frequency  variations,  however,  did  not 
interfere  with  the  primary  purpose  of  the  three- 
frequency  beacon  (i.e., electron  density  measurements) 
but  did  interfere  with  its  secondary  function  of 
doppler  ranging. 

Tables  C.41  through  C.58  present  comments  on 
the  37-,  148-,  and  888-Mc  doppler  and  signal  AGC, 
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and  on  the  high-  and  low-frequency  dispersive 
doppler.  Also  given  is  the  quality  of  the 
beacon  performance,  which  was  monitored  in  the 
b#acon  and  telemetered  on  Channel  12  of  the 
telemeter  system  (10.5  kc).  These  telemetered 
data  were:  (1)  the  RF  voltage  at  the  37-Mc 
output  stage,  (2)  888-Mc  RF  voltage  at  the 
output  of  the  6-times  frequency  multiplier,  and 
(3)  temperature  of  the  beacon  package.  In  five 
rockets  where  the  37-Mc  output  power  was 
initially  low,  the  output  power  at  888  Me  was 
normal.  This  was  possible  because  the  input 
signal  to  the  frequency  multiplier  was  taken 
off  ahead  of  the  37-Mc  output  stage. 

Rocket  antenna  systems  were  designed  to  fit 
the  9-inch-base-diameter  Honest  John-Nike  pay- 
load  housing  and  the  18-inch-base— diameter  Javelin 
(more  properly,  Argo  D-4)  and  Honest  John-Nike-Nike 
payload  housings.  One  system  used  loop  antennas 
at  37  and  148  Me  and  swept-back  stub  antennas  at 
888  Me.  The  other  system  used  shroud  antennas 
(Reference  71  )  at  37  and  148  Me  and  stub 

antennas  at  d  Me.  A  fiberglas  nose  cone  was 
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used  over  the  antennas  with  each  system.  The 
location  and  types  of  all  rocket  antennas  used 
on  Projects  6.2,  6.3,  and  6.4  are  shown  in 
Figures  5.3  and  5.4.  These  figures  show  the 
location  of  the  three-frequency  experiment 
antennas  relative  to  the  other  antennas  on  the 
rockets . 

The  Honest  John-Nike  antenna  system  for 
Project  6.3,  is  shown  in  the  photograph.  Figure 
C.36.  Trapezoidal-shaped  loops  formed  of  1-inch¬ 
wide  copper  strip  were  used  at  37  and  148  Me. 

They  were  mounted  mutually  perpendicular^  to 
minimize  mutual  coupling  and  radiation  pattern 
interference.  Basically,  the  trapezoidal  loops 
were  balanced  loop  antennas  resonated  with  a 
capacitor  at  the  gap  and  matched  to  50  ohms. 

The  37-Mc  loop  was  tap  fed  near  the  base  at  the 
50-ohm  point.  The  design  of  these  loops  was 
based  on  the  theory  that  a  single— turn  balanced 
loop  with  a  circumference  of  0.3  wavelength  or 
less  has  a  radiation  pattern  that  is  omni¬ 
directional  in  the  plane  of  the  loop;  also,  its 
pattern  is  independent  of  the  physical  shape  of 


133 


SECRET 


the  loop.  The  pattern  is  negligibly  affected 
by  the  presence  of  a  large,  long  rocket  body  If 
the  diameter  of  the  rocket  Is  less  than  one-half 
wavelength.  Radiation  patterns  of  the  37-Mc  loop 
on  the  Honest  John-Nike  rocket  on  Project  6.3  are 
shown  in  Figure  C.37.  The  effect  on  the  pattern 
of  the  metal  rods  used  w-th  the  AFCRL  ion  trap 
and  impedance  probe  experiments  is  also  shown  in 
Figure  C.37. 

The  loop  used  at  148  Me  was  fed  at  the  gap 
through  a  two-capacitor  matching  circuit;  radiation 
patterns  for  the  Project  6.3  Honest  John-Nike 
rockets  are  shown  in  Figure  C.38.  The  37-inch 
metal  rods  below  the  148-Mc  loop  caused  difficulty 
in  obtaining  a  good  radiation  pattern  off  the 
rocket  tail.  The  rods  reflected  the  signal  nose- 
ward.  An  acceptable  radiation  pattern  was 
obtained  by  aligning  the  148-Mc  loop  parallel 
to  the  10-foot  rods  and  insulating  the  rods  from 
the  rocket  body.  The  10-foot  rods  were  effectively 
insulated  from  each  other  and  the  rocket  body  at 
148  Me  by  the  inductor  connected  in  series  with 
them  for  matching  to  the  3-  to  12-Mc  region  for 
the  RF  impedance  probe  experiment. 
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Two  stub  antennas,  phased  180  degrees,  were 
used  at  888  Me  on  the  Project  6.3  Honest  John- 
Nike  rockets.  The  stubs  were  mounted  diametri¬ 
cally  opposite  on  the  metal  cylinder  housing  the 
three- frequency  beacon,  and  were  swept  back  at 
an  angle  of  45  degrees  with  respect  to  the 
missile  axis.  Figure  C.39  shows  the  radiation 
pattern  of  this  stub  antenna  system. 

The  Javelin  and  Honest  John-Nike-Nike  (Project 
6.2)  antenna  system  consisted  of  shroud  antennas 
at  37  and  148  Me,  and  stub  antennas  at  888  Me 
(Figure  C.40).  A  metal  nose  cone  was  used  inside 
the  fiberglas  nose  cone  to  serve  as  a  ground  plane 
for  the  shroud  antennas.  The  148-Mc  antenna 
system  consisted  of  two  shrouds  mounted  diametri¬ 
cally  opposite  on  the  metal  nose  cone.  The  shrouds 
were  electrically  phased  180  degrees  with  respect 
to  each  other;  the  radiation  pattern  is  shown  in 
Figure  C.4l.  For  the  37-Mc  antenna,  a  single 
shroud  was  used,  providing  a  nearly  omnidirectional 
pattern  in  the  plane  of  the  shroud  (Figure  C.42). 
Stub  antennas  were  used  at  888  Me,  mounted  dia¬ 
metrically  opposite  on  the  lower  portion  of  the 
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metal  cone  (Figure  C.40).  These  stubs  were 
electrically  phased  180  degrees  with  respect  to 
each  other;  radiation  patterns  are  shown  in 
Figure  C.43. 

The  rockets  for  Javelin  Project  6.4  used 
the  same  antennas  as  described  above  except  that 
the  antennas  were  mounted  at  different  places 
on  the  rocket.  Figures  C.44  and  C.45  show  the 
locations  of  these  antennas.  The  radiation 
patterns  of  the  shroud  antennas  at  the  new 
locations  remained  approximately  the  same  as 
before.  The  stub  antennas  were  moved  to  the 
upper  portion  of  the  metal  nose  cone,  but  patterns 
are  not  available  for  this  location.  The  888-Mc 
stub  antennas  were  redesigned  for  the  King  Fish 
event  to  improve  the  mechanical  mounting.  The 
redesigned  stub  is  shown  in  Figure  C.46. 

The  37-  and  148-Mc  loop  antennas  were  designed 
and  built  by  the  BRL.  The  37-  and  148-Mc  shroud 
antennas  were  designed  at  the  BRL  and  built  by 
the  General  Development  Corporation,  Elkton, 
Maryland.  The  888-Mc  antennas  used  on  the  Star 
Fish  and  Blue  Gill  events  were  designed  and  built 
by  the  Marquardt  Corporation,  Pomona,  California; 
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those  used  on  King  Fish  were  designed  and  built 
by  the  BRL.  All  antennas  were  tested  and  installed 
by  the  BRL. 

C.2.2  GMD  Rocket  Instrumentation,  The  GMD 
beacon  consisted  of  a  cylindrical  container  4 
inches  long  by  4  inches  in  diameter,  with  an 
approximate  weight  of  four  pounds.  The  beacon  was 
packaged  in  a  design  compatible  with  the  three 
vehicle  configurations  discussed  in  Section  C.2.1. 
The  unit  consisted  of  a  modulator  amplifier,  a 
transmitter  using  a  7533  cavity  oscillator  tube, 
a  silver-zinc  6-volt  battery,  a  power  change-over 
Ledex  switch, and  a  dc-to-dc  converter  with  Zener- 
regulated  voltage  output.  A  circuit  diagram  of  the 
beacon  is  shown  in  Figure  C.47.  The  CW  transmitter 
was  capable  of  being  frequency  modulated  by  a  com¬ 
posite  signal  in  the  standard  IRIG  subcarrier  band. 
The  composite  of  eight  FM  modulated  data  signals 
was  used  to  FM  modulate  the  transmitter.  The  RF 
power  output  was  1  watt.  Three  frequencies,  1660, 
1670,  and  1680  Me, were  used  to  avoid  interference 
when  three  rockets  were  in  flight  simultaneously. 
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The  beacon  unit  was  capable  of  power  change¬ 
over  from  external  to  internal  source  by  means 
of  a  28-volt  pulse  to  a  control  circuit.  Pro¬ 
vision  was  made  for  battery  checking  and  for 
charging  through  the  external  connector.  The 
beacons  were  designed  and  built  by  the  Marquardt 
Corporation,  Pomona,  California. 

The  GMD  beacon  antenna  system  consisted 
of  three  or  four  slot  antennas  and  a  matching 
and  phasing  network.  Three  slots  were  used  on 
the  6-  and  9-inch- diameter  nose  cones,  and  four 
slots  were  used  on  the  18-inch— diameter  nose 
cones.  The  antenna  assembly  was  matched  to  the 
transmitter  with  a  VSWR  of  1  to  1.5  or  better. 

The  antennas  were  designed  and  built  by  the 
Marquardt  Corporation,  Pomona,  California.  A 
typical  slot  antenna  is  shown  in  Figure  C.48, 
and  antenna  locations  for  the  different  rocket 
nose  cones  used  in  Projects  6.2,  6.3,  and  6.4 
are  shown  in  Figures  5.3  and  5.4.  Antenna 
radiation  patterns  are  shown  in  Figures  C.49  and 
C.50. 
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C.3  ROCKET  DISPERSIVE  DOPPLER 


C.3.1  Star  Fish  Event.  For  the  rockets  launch¬ 
ed  in  the  Star  Fish  event,  lack  of  coherency  in  the 
ground-generated  receiver  injection  frequencies  pro¬ 
duced  an  unknown  bias  frequency  on  the  37-  and  148-Mc 
dispersive  doppler  data.  The  expressions*^?-  and 
148-Mc  dispersive  dopple^’ and  "148-  and  888-Mc  dis¬ 
persive  doppler” designate  the  dispersive  doppler 
obtained  by  combining  the  frequencies  indicated. 
Unfortunately,  the  bias  frequency  was  not  only  un¬ 
known  but  changed  as  a  result  of  slight  drifts  in 
the  ground-based  local  oscillator  during  the  course 
of  a  rocket  flight.  The  bias  frequency  was  present 
on  the  paper  analog  chart  recordings  of  dispersive 
doppler  from  the  time  the  rocket  beacons  were  turned 
on  (usually  one  minute  before  rocket  lift)  until 
signal  was  no  longer  being  received.  Since  the 
rockets  did  not  enter  regions  of  ionization  for  1 
to  2  minutes  after  rocket  lift,  2  to  3  minutes  of 
bias  were  available  for  study  and  analysis  of 
frequency  and  frequency  drift.  In  an  attempt  to 
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define  and  eliminate  the  bias,  a  least  squares 
approximation  (usually  a  straight  line)  of  the  bias 
frequencies  was  made  with  the  constraint  that  the 
integral  under  the  least  squares  curve  was  equal  to 
the  numerically  integrated  bias  frequencies  measured. 
The  least  squares  curve  was  then  extrapolated  for  the 
remainder  of  the  rocket  flight.  Deviations  from  the 
extrapolated  curve  were  then  taken  as  true  dispersive 
doppler  data.  Consequently,  no  great  degree  of 
accuracy  can  be  claimed  for  the  dispersive  doppler 
data  thus  obtained,  but  later  comparisons  with  data 
from  other  sources  indicated  strongly  that  the  dis¬ 
persive  doppler  results  can  be  accepted  with  a  fair 
level  of  confidence. 

Plots  of  the  integrated  dispersive  doppler 
and  dispersive  doppler  frequencies  for  the  Star  Fish 
event  are  shown  in  Figures  C.51  through  C.56. 

Comments  on  the  data  for  the  individual  rockets 
are  in  the  following  paragraphs. 

The  37-  and  148-Mc  dispersive  doppler  data  for 
Rocket  1  (Figure  C.51)  was  obtained  from  magnetic 
tape  recordings  of  the  doppler  signals  by  appropri¬ 
ately  multiplying  and  differencing  digitally  the 
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data  in  a  computer.  The  rocket  entered  regions  of 
ionization  at  163  seconds  after  rocket  lift,  and 
continuous  dispersive  doppler  data  was  obtained 
until  600  seconds  after  rocket  lift,  at  which  time 
the  3 7 -Me  signal  was  lost  and  not  recovered  for  the 
remainder  of  the  flight.  The  absolute  accuracy  of 
the  integrated  dispersive  doppler  may  be  subject  to 
question  because  of  the  long  time  interval  over 
which  the  extrapolated  least  squares  bias  curve  was 
employed, but  it  is  felt  that  accuracy  within  +  15 
percent  is  maintained  at  least  up  through  rocket 
apogee.  Because  of  the  poor  quality  of  the  888-Mc 
doppler,  no  usable  148-  and  888-Mc  dispersive  doppler 
was  obtained  for  this  rocket. 

The  37-  and  148-Mc  dispersive  doppler  data  for 
Rocket  4  (Figure  C.52)  was  measured  exclusively 
from  the  paper  analog  chart  recordings.  The 
rocket  entered  regions  of  ionization  at  65  seconds 
after  rocket  lift,  and  continuous  dispersive  doppler 
data  was  available  until  the  rocket  left  the  regions 
of  ionization  at  222  seconds  after  rocket  lift. 

Since  the  dispersive  doppler  data  was  complete, the 
additional  constraint  that  the  integrated  dispersive 
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doppler  must  be  zero  before  the  rocket  enters  and 
after  it  leaves  ionized  regions  could  be  used  to 
define  and  eliminate  the  bias.  As  a  result,  a 
reasonably  high  level  of  confidence  may  be  placed 
in  the  dispersive  doppler  data.  There  was  no  usable 
148-  and  888-Mc  dispersive  doppler  for  this  rocket. 

The  37-  and  1 4 8— lie  dispersive  doppler  measure¬ 
ments  for  Rocket  5  (Figure  C.53)  were  obtained 
exclusively  from  the  paper  analog  chart  recordings. 
The  rocket  entered  regions  of  ionization  at  85 
seconds  after  rocket  lift,  and  dispersive  doppler 
data  was  available  until  230  seconds  after  rocket 
lift,  at  which  time  the  3 7 -Me  signal  became  so  dis¬ 
torted  in  phase  that  measurements  were  no  longer 
possible.  There  was  no  usable  148-Hc  and  888-Mc 
dispersive  doppler  for  this  rocket. 

The  37-  and  148— Tic  dispersive  doppler  measure¬ 
ments  for  Rocket  7  (Figure  C.54)  were  obtained 
from  the  paper  analog  chart  recordings.  The  rocket 
entered  ionization  at  105  seconds  after  rocket  lift, 
and  dispersive  doppler  data  was  available  until  205 
seconds  after  rocket  lift,  at  which  time  loss  of 
the  148-Mc  signal  caused  loss  of  dispersive  doppler. 
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Attempts  to  recover  the  148-Mc  doppler  from  magnetic 
tape  recordings  were  unsuccessful.  Since  the  least 
squares  bias  curve  required  extrapolation  for  only 
100  seconds,  the  dispersive  doppler  data  should  be 
reasonably  accurate.  There  was  no  usable  148-  and 
888-Mc  dispersive  doppler  for  this  rocket. 

The  37-  and  148-Mc  dispersive  doppler  data  for 
Rocket  8  (Figure  C.55)  was  derived  from  magnetic 
tape  recordings  of  the  doppler  signals  by  appropri¬ 
ately  multiplying  and  differencing  digitally  the 
recorded  signals  in  a  computer.  The  rocket  entered 
regions  of  ionization  at  151  seconds  after  rocket 
lift,  and  data  was  continuous  until  245  seconds 
after  rocket  lift,  at  which  time  tne  37-Mc  signal 
became  so  distorted  in  phase  that  further  recovery 
of  data  was  impossible.  The  dispersive  doppler  was 
also  measured  from  the  paper  analog  chart  recordings 
and  was  in  excellent  agreement  with  that  from 
magnetic  tape  recordings  of  doppler  signals  but 
was  of  somewhat  shorter  duration.  Measurements 
of  the  148-  and  888-Mc  dispersive  doppler  were  made, 
but  the  data  appeared  to  contain  a  rocket-spin- 
induced  error  which  could  not  be  successfully 
isolated. 
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The  37-  and  148-Mc  dispersive  doppler  for 
Rocket  9  (Figure  C.56)  was  measured  from  a  combi¬ 
nation  of  paper  analog  chart  recordings  and  magnetic 
tape  records  of  the  doppler  signals.  The  rocket 
entered  regions  of  ionization  at  121  seconds  after 
rocket  lift,  and  data  was  continuous  until  740 
seconds  after  rocket  lift,  at  which  time  the  37-Mc 
signal  was  lost.  The  accuracy  of  the  data  is 
subject  to  question  because  of  the  long  extra¬ 
polation  time  for  the  least  squares  bias  curve. 
Excellent  148-  and  888-Mc  dispersive  doppler  was 
available  for  this  rocket  from  121  seconds  to  240 
seconds  after  rocket  lift.  The  agreement  between 
the  37-  and  148-Mc  and  the  148-  and  888-Mc  dis¬ 
persive  doppler  was  extremely  good  over  this  time 
period,  which  lends  confidence  to  the  bias  cor¬ 
rection  used  for  the  37-  and  148-Mc  dispersive 
doppler. 

C.3.2  Blue  Gill  Event.  For  the  Blue  Gill 
series  of  rockets,  the  lack  of  coherency  in  the 
ground-generated  receiver  injection  frequencies 
was  eliminated, so  that  the  problem  of  a  bias  on 
the  37-  and  148-Mc  dispersive  doppler  no  longer 
existed.  For  all  except  one  of  the  rockets  for 
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this  series, the  37-Mc  signal  was  blacked  out  or 
heavily  attenuated  for  extended  time  periods. 

This  was  expected, and  it  was  hoped  to  fill  in 
these  periods  with  148-  and  888-Mc  dispersive 
doppler.  However,  a  combination  of  spin-induced 
errors  and  low  888-Mc  signal  levels  defeated, 
for  all  practical  purposes,  any  usage  of  the  148- 
and  888-Mc  dispersive  doppler.  Plots  of  the 
integrated  dispersive  doppler  and  dispersive  doppler 
frequencies  for  the  Blue  Gill  event  are  shown  in 
Figures  C.57  through  C.60.  Comments  on  the  data 
for  the  individual  rockets  are  in  the  following 
paragraphs . 

For  Rocket  11,  the  37-Mc  signal  blacked  out 
at  H-zero  which  occurred  120  seconds  after  rocket 
lift  and  was  not  reacquired  until  220  seconds 
after  rocket  lift.  The  rocket  had  encountered 
no  ionization  before  blackout  occurred, and  the 
quality  of  the  doppler  data  was  so  poor  after 
reacquisition  of  the  37-Mc  signal  that  no  37-  and 
148-Mc  dispersive  doppler  was  obtained.  The  888-Mc 
signal  suffered  so  much  distortion  in  phase  that 
the  148-  and  888-Mc  dispersive  doppler  could  not 
be  measured. 
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For  Rocket  12  (Figure  C.57),  the  37-Mc  signal 
fell  below  receiver  threshold  81  seconds  after 
rocket  lift  and  was  reacquired  163  seconds  after 
rocket  lift.  The  rocket  entered  regions  of  ioniza¬ 
tion  60  seconds  after  rocket  lift  and  left  ionization 
196  seconds  after  rocket  lift.  Excellent  37-  and 
148-Mc  dispersive  doppler  was  obtained  from  60  to 
81  seconds  and  from  163  to  196  seconds.  The  148- 
and  888-Mc  dispersive  doppler  data  was  good  and  in 
excellent  agreement  with  the  37-  and  148-Mc  data 
from  60  to  81  seconds,  at  which  time  the  148-Mc 
signal  became  phase  distorted  to  the  extent  that 
measurement  of  dispersive  doppler  was  impossible. 

For  Rocket  14  (Figure  C.58),  the  37-Mc  signal 
fell  below  receiver  threshold  79  seconds  after 
rocket  lift  and  was  reacquired  230  seconds  after 
rocket  lift.  The  rocket  entered  regions  of  ioniza¬ 
tion  60  seconds  after  rocket  lift  and  left  ionization 
at  244  seconds.  Excellent  37-  and  148-Mc  dispersive 
doppler  data  was  obtained  from  the  paper  analog 
chart  recording  from  60  to  79  seconds  and  from 
230  to  244  seconds.  The  paper  analog  chart  record¬ 
ing  was  not  made  during  rocket  flight}and  the  888-Mc 
doppler  could  not  be  recovered  from  magnetic  tape, 
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so  there  was  no  148-  and  888-Mc  dispersive  doppler 
available  for  this  rocket. 

For  Rocket  15  (Figure  C.59),  37-  and  148-Mc 
dispersive  doppler  data  was  measured  from  the 
paper  analog  chart  recordings.  The  rocket  entered 
regions  of  ionization  54  seconds  after  rocket  lift 
and  left  ionization  at  312  seconds.  The  dispersive 
doppler  data  was  continuous  over  this  entire  inter¬ 
val  and  was  of  excellent  quality  except  for  a  10- 
second  period  between  85  and  95  seconds.  Since 
the  dispersive  doppler  frequency  was  very  low 
during  this  period^,  it  is  felt  very  little  error  was 
made  in  measurement,  and  the  results  should  carry  a 
high  level  of  confidence.  Because  of  very  dis¬ 
torted  data, there  was  no  148-  and  888-Mc  dispersive 
doppler  for  this  rocket. 

For  Rocket  17  (Figure  C.60),  the  37-  and  148-Mc 
dispersive  doppler  was  measured  from  the  paper 
analog  chart  recordings.  The  rocket  entered  regions 
of  ionization  67  seconds  after  rocket  lift,  and  dis¬ 
persive  doppler  data  was  available  until  110  seconds 
at  which  time  the  37-Mc  signal  fell  below  receiver 
threshold.  The  37-Mc  signal  was  reacquired  200 
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seconds  after  rocket  lift,  but  at  this  time  the  148-Mc 
was  so  badly  distorted  that  no  further  dispersive 
doppler  was  obtained.  Phase  distortions  on  the 
888-Mc  signal  prevented  the  acquisition  of  any 
usable  148-  and  888-Mc  dispersive  doppler. 

For  Rocket  18,  indications  are  that  the  level 
of  ionization  in  the  regions  traversed  by  this  rocket 
were  so  low  that  no  measurable  dispersive  doppler 
was  produced. 

C.3.3  King  Fish  Event.  For  the  King  Fish 
series  of  rockets,  considerably  more  complete, 
reliable  data  was  obtained  than  for  the  two  events 
discussed  earlier.  For  Rockets  19  and  25,  extensive 
usable  148-  and  888-Mc  dispersive  doppler  was  measured 
after  some  corrections  were  made  for  a  rocket-spin 
function  error  which  appeared  on  the  dispersive 
doppler  channel.  Plots  of  the  integrated  dispersive 
doppler  and  dispersive  doppler  frequencies  for  the 
King  Fish  event  are  shown  in  Figures  C£l  through  C.67. 
Comments  on  the  data  for  individual  rockets  are  in 
the  following  paragraphs. 

Rocket  19  (Figures  C.61  and  C.62)  was  in  the 
air  at  time  of  burst,  and  all  three  frequencies 
blacked  out  at  burst  time.  The  37-!"c  signal  was  out 
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for  about  4l  seconds,  the  148-Mc  signal  was  out 
for  about  22.5  seconds,  and  the  888-Mc  signal  was 
out  for  about  2  seconds.  The  rocket  was  not  in 
a  region  of  ionization  prior  to  burst  time.  The 
37-  and  148-Mc  dispersive  doppler  was  excellent 
in  quality  after  reacquisition  of  the  37-Mc  signal 
at  161  seconds  after  rocket  lift  until  the  rocket 
left  ionization  at  340  seconds.  The  148-  and 
8 8 8— Me  dispersive  doppler  channel  for  Rocket  19 
showed  data  even  prior  to  the  time  the  rocket  entered 
regions  of  ionization.  After  some  study,  it  was  dis¬ 
covered  that  this  apparent  dispersive  doppler 
frequency  was  a  direct  function  of  the  rocket  spin 
rate.  Realistic  data  was  obtained  from  the  time  the 
1 4 8— Tic  signal  recovered  at  142.5  seconds  after 
rocket  lift  until  330  seconds  after  rocket  lift, and 
a  correction  was  then  made  to  the  data  based  on 
the  rocket  spin  rate  function  determined  from 
pre-burst  observations.  The  resulting  148-  and  888-?: 
dispersive  doppler  showed  excellent  agreement  with 
the  37-  and  148-Mc  dispersive  doppler. 

For  Rocket  22  (Figure  C.63),  the  37-  and  148-Mc 
dispersive  doppler  data  was  measured  from  the  paper 
analog  chart  recording.  The  rocket  entered  regions 
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of  ionization  at  110  seconds  after  rocket  lift^  and 
excellent  continuous  dispersive  doppler  data  was 
obtained  from  that  time  to  350  seconds  after  rocket 
lift.  There  was  no  usable  148-  and  888-Mc  dispersive 
doppler  for  this  rocket. 

Rocket  25  (Figures  C.64  and  C.65)  entered 
regions  of  ionization  82  seconds  after  rocket  lift. 
The  37-  and  148-Mc  dispersive  doppler  data  was 
obtained  from  doppler  data  digitized  from  magnetic 
tape  recordings  from  82  seconds  to  255  seconds 
after  rocket  lift,  after  which  time  accurate  re¬ 
covery  of  37-Mc  doppler  from  magnetic  tape  was  not 
possible.  Even  prior  to  255  seconds,  the  37-Mc 
doppler  was  considerably  distorted  in  phase, which 
could  easily  result  in  some  errors  in  the  derived 
dispersive  doppler.  The  confidence  level  placed 
on  the  37-  and  148-Hc  dispersive  doppler  must 
necessarily  be  degraded  because  of  the  poor  quality 
of  the  37-Mc  signal.  The  paper  analog  chart  record¬ 
ing  for  Rocket  25  yielded  148-  and  888-Mc  dispersive 
doppler.  As  with  Rocket  19,  the  data  was  biased 
by  a  frequency  which  was  a  function  of  the  rocket 
spin  rate.  The  data  was  corrected  for  this  bias, 


150 


SECRET 


and  dispersive  doppler  was  thus  obtained  from  82 
seconds  after  rocket  lift  to  290  seconds  after 
rocket  lift.  There  is  reasonably  good  agreement 
between  the  37-  ana  148-Mc  and  148-  and  888-Mc 
dispersive  doppler,  but  considerably  more  confidence 
should  be  placed  in  the  148-  and  888-Mc  data. 

Rocket  27  (Figure  C.66)  entered  regions  of 
ionization  at  56  seconds  after  rocket  lift  and  left 
ionization  at  339  seconds.  Good  continuous  37- 
and  148-Mc  dispersive  doppler  data  was  obtained 
over  this  entire  interval.  The  quality  of  the 
148-  and  888-Mc  dispersive  doppler  data  was  question¬ 
able,  and,  in  view  of  complete  coverage  by  37-  and 
148-Mc  data,  no  attempts  at  measuring  148-  and  888- 
Mc  dispersive  doppler  were  made. 

Rocket  28  ^Figure  C.67)  entered  regions  of 
ionization  63  seconds  after  rocket  lift  and  left 
ionization  approximately  330  seconds  after  rocket 
lift.  Excellent  37-  and  148-Mc  dispersive  doppler 
was  obtained  from  63  to  162  seconds  and  295  to  330 
seconds  except  that  an  uncertainty  of  one  cycle 
in  the  integrated  dispersive  doppler  exists  over 
the  latter  interval.  A  combination  of  spin  modulation 
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on  the  dispersive  doppler  with  intermittent  loss 
of  the  148-Mc  signal  to  below-receiver  threshold 
made  it  impossible  to  retrieve  dispersive  doppler 
data  between  162  and  295  seconds.  There  was  no 
usable  148-  and  888-Mc  dispersive  doppler  data 
for  this  rocket. 

The  ionization  level  in  the  regions  traversed 
by  Rocket  29  was  apparently  too  low  to  produce 
any  dispersive  doppler. 

C.4  SIGNAL  DURATION  AND  STRENGTH 

C.4.1  Signal  Duration  Graphs.  The  duration 
of  received  signals  from  all  rocket-borne  trans¬ 
mitters  used  in  Projects  6.2,  6.3,  and  6.4  are 
shown  in  Figures  C.68  through  C.95.  The  minimum 
useful  signal  level  was  taken  as  that  level  for 
each  system  which  would  provide  readable  output 
data. 

C.4. 2  Signal  Strength  Graphs.  Received 
signal  strength  recordings  versus  time  were  made 
of  all  of  the  three-frequency  beacon  experiment 
signals,  the  VHF  telemetry,  and  the  GMD  signals. 
These  analog  signal  strength  recordings  were  read 
and  the  data  replotted  as  a  function  of  slant 
range  between  the  rocket  and  the  launch  site. 

The  signal  strength  measurements  are  shown  in 
Figures  C.96  through  C.254.  A  predicted  value  of 
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signal  strength  versus  slant  range  has  been  included 
to  permit  interpretation  of  signal  cnanges  from 
causes  other  than  increasing  slant  range.  The 
system  parameters  used  to  prepare  the  predicted 
signal  strength  versus  slant  range  curve  for  the 
Star  Fish  event  are  given  in  Table  C.59. 

The  propagation  attenuation  at  1  km  (item  6, 

Table  C.59)  was  calculated  using  the  equation; 

A  =  37.8  +  20  log  F  +  20  log  D,  (C.4) 

where,  A  is  the  free-space  attenuation  in  db  assuming 
isotropic  antennas,  F  is  the  frequency  in  lie,  and  D 
is  the  distance  from  transmitter  to  receiver  in 
miles.  The  received  signal  strength  in  dbm  (item  7, 
Table  C.59)  was  the  algebraic  sum  of  items  3»  5 

and  6  in  Table  C.59.  To  construct  the  predicted 
signal  strength  versus  slant  range  curve,  use  was 
made  of  the  relation  between  attenuation  and  distance 
given  in  Equation  C.4  which  states  that  the  attenuation 
increases  20  db  for  each  decade  increase  in  distance. 
Certain  of  the  telemetry  transmitters  had  10-watt 
output;  instead  of  the  2-watt  level  assumed  in  Table 
C.59,  which  increased  the  predicted  signal  levels 
by  7  db.  Also,  certain  of  the  rockets  used  linearly 
polarized  telemetry  antennas  instead  of  the  circular 
polarized  antennas  assumed  in  Table  C.59,  which 
decreased  the  predicted  signal  values  by  3  db.  The 
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predicted  148-  and  888-Mc  signal  levels  for  the  blue 

Gill  and  King  Fish  events  were  reduced  5  db  because 
of  the  shortened  helix  antenna  length  used.  Figure 
C.255  shows  the  predicted  signal  levels  versus  slant 
range  for  the  three -frequency ,  VKF  TM,  and  GMD 
systems  used  on  the  Star  Fish  event.  Figure  C.256 
shows  similar  information  for  the  Blue  Gill  and  King 
Fish  events. 


154 


SECRET 


\ 


155 


SECRET 


DESCRIPTION  OF  MAGNETIC  TAPE  DATA  RECORDED  IN  BRL  VAN  2,  STAR  FISH  EVENT 
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TABLE  c  •  9  DESCRIPTION  OF  CHART  DATA  RECORDED  IN  BRL  VAN  3,  BLUE  GILL  EVENT 


SECRET 


oro 


OJ 


> 

A 


I 

§ 

o 


q 


9 


P 

fl 

> 

■S 


0} 

p 

co 

u 

o 

«w 

03 

(fl 


Jl 

p 


td 

p 

-9 

0) 

p 


<u 

0) 

Vi 

O 

to 

C 


o 

o 

o 

« 


^  4) 
0J  *rl 
*3  <H 
U  *H 
O  H 
O  " 
<D 
« 


4) 
•H 
Vi 
_  .  *H 
O  H 
O  * 
<D 


t?  1 

03 

a 


§ 

£ 


assay  agggg  gaaa 


Jh-dh^OvovO 

On  On  t*—  c*—  its 

NO  NQ  C^-v 
K-\  KS  _d-  -cf  f 


vd^NOvO-dhvO 
IA  NLAONN 


5  t*  *3  P 

o  o  o  o  o 


Vi  Vi  V  Vi  V< 


M  M  M  M  M 

O  O  O  O  O 

2  2  2  2  2 
9h  Eh  Eh  S  fr» 


H  OJ  fOy-4-  LA 


VC  C*-00  ON  c 


21 


NA.3- 


assay  assay  aaaa 


pq  ij  pq  ^ 

«  ^  « 

VC  vo  VO 
On  On  f—  t*—  la 

NO  NO  NO  -4"  VO 
LA  LTV  LTV  ON  F— 

NO 

LA 

NO  NO  tv-  t'-NQ 
KN  K\^t  CO 

H  H  CO 

NO  NO  VO  NO  t^- 
OQ  CQ  CQ  KN4 

a)  55  co  H 

NO 

$ 

3  3 

0  o 

P  P  P  -P  4J 

3  3  3  3  3 

O  O  0  o  o 

out 

Iter 

Iter 

^  u  u  ^  u 

4)  4)  4)  4)  4) 

>  >  >  >  > 

•H  *H  *H  *H  *H 

4)  4)  4)  4>  4) 

o  o  o  o  o 

4)  4)  4)  4)  4) 

«  «  «  «  « 


•H 
Ch  Vi 


H  41 


3h 

4) 


§ 

P 

4)  $ 
O  3 
•h  q 

§1 


0)  U 

g§J 


H  CM  lAJ-  lA  VO  t-CO  OVO 


21 


r<*N  -d“ 


165 


4 


SECRET 


88  BBS  £8888  £88  8 


X  aj 

&  $ 


Hi  «  Hi  « 

-d-  -d*  MD  VO 
-d*  -d-  t—  t— 
•  •  •  • 

VOVD  LAIA 
fA  rTS-d-  -d* 


+2  P  -R  -P  a) 

P  p  3  3  P 

O  O  O  O  | 

^  u  u  u  S 

a)  <d  a)  <d  H 

>  >  >  >  v 

•H  -H  rl-HE H 

a>  a>  o  <u 

o  o  o  o  ft 

<d  <u  <L>  a>  S 

pq  pq  pc;  pq  o 


pq  pq  «  ^ 

-d-  VO  VQ  VO 
t—  l?\  la 
«  *  •  • 

VO  Lf\-d-  -d 
r A-d*  t—  t- 

H  CO  00 

-e  -e  -b  -e 

p  p  p  p 

pq  O  O  O  O 

^  ^  u  u 
a;  (u  o  a>  <d 
■p  -p  P  -p  p 

O  H  r— I  H  H 
0  *iH  -H  *H  -H 
<D  Ch  <h  4-4 


^4  X  X 
o  o  o 
cd  ed  cd 
h  ^ 

EH  eh  EH 


3g  O 

C5  H  H  H 


H  CM  I A-d*  U\  VO  t"— 00  CT\  O 


H  CM  FA_d 
H  rH  H  rH 


88888  88888  1888 


«  PI  «  »P 
-d-  -d-  VO  VO  vo 


vo  vo  la  iA-d- 
rA  rA-d-  -d*  fc- 
H  H  00 


pq  «  pq  pq  »4 
vo  -d-  vo  vo  vo 

LA  _d  h-  LA  LA 

•  •  •  •  • 

-d  vo  VA^t  -d 

t--  rA-d  t— 

00  H  co  CO 


P  -P  P 
P  P  P  P 
o  o  o  o 


a 

P 

P 

P 

p 

P 

P 

p 

P 

P  P 

<D 

P 

O' 

o 

O 

o 

0 

o 

o 

H 

H 

r— 1  rH 

O 

P 

a3 

•H 

•H 

•H  -H 

•rH 

a 

0) 

u 

u 

u 

u 

u 

Fh 

Ch 

<H 

Ch  Ch 

O 

•H 

a 

FP 

VP 

0) 

Q) 

<u 

p 

p 

<P 

t> 

> 

> 

> 

> 

> 

>* 

• 

• 

•  • 

*rl 

•H 

•H 

•H 

■rH 

•H 

X 

rM  X 

W 

Fh 

aj 

a) 

Q) 

<D 

0 

0) 

<U 

o 

O 

o  o 

p 

ft 

0) 

P 

o 

O 

O 

o 

O 

O 

cd 

cd 

cd  cd 

X 

ft 

ft 

cd 

<D 

<D 

<u 

Q) 

0) 

<u 

u 

U  U 

t  O 

Q 

« 

«  oq  « 

pq 

pq 

EH  Eh 

EH  Eh 

1  rH 

r— 1 

H 

.a  ^ 

I  3 

p  fit 

P 

<U  FP 


3  aj 

&  t 

a  a 

eh  o 


CM  NA^t  UN 


VO  td-00  CA  O 
H 


H  CM  rA-d 
H  H  <— I  H 


SECRET 


187 


SECRET 


L  denotes  left-hand  polarization;  R  denotes  right-hand. 

ADoppler  denotes  dispersive  doppler  for  the  indicated  frequencies. 
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TABLE  c.17  SUMMARY  OF  GMD  TELEMETRY  AND  TRACKING  DATA,  ROCKET  4,  STAR  FISH  EVENT 
Low  -noise  preamplifier  not  used. 
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TABLE  C.21  SUMMARY  OF  GMD  TELEMETRY  AMD  TRACKING  DATA,  ROCKET  8,  STAR  FISH  EVENT 
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C.23  SUMMARY  OF  GMD  TELEMETRY  AND  TRACKING  DATA,  ROCKET  10,  BLUE  GILL  EVENT 
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Angle  track  vas  excellent. 

Signal  good  from  lift  to  splash  (277  seconds) 
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TABLE  C.27  SUMMARY  OF  GMD  TELEMETRY  AND  TRACKING  DATA,  HOCKET  14,  BLUE  GILL  EVENT 
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C  .31  SUMMARY  OF  GMD  TEIEMETRY  AMD  TRACKING  DATA,  ROCKET  19,  KING  FISH  EVENT 
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37  SUMMARY  OF  GMD  TELEMETRY  AND  TRACKING  DATA,  ROCKET  26,  KING  FISH  EVENT 
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TABLE  C .  39  SUMMARY  OF  GMD  TELEMETRY  AND  TRACKING  DATA,  ROCKET  28,  KING  FISH  EVENT 
Low-noise  preamplifier  used  on  all  rockets. 

Angular  tracking  accuracy:  —  0*20  degree* _ 
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TABLE  CA1  SUMMARY  OF  3 -FREQUENCY  PROPAGATION  DATA,  ROCKET  1,  STAR  FISH 


-=f 

MO 


2! 
_ i 

a 

g 

ON 

0} 

a 

ON 

O 

% 

6 

LfN 

s 

ft 

1 

a 


« 


ii 

a  | 

o  a 

0)  u 

p 

o  _ 

<D 

ffi 

S3 

£ 


SPI 

p 

ft 

,8 
>  u 
<D 


ft-  t 


CM  CM 


CV1  CVJ 


s, 

ss 

o  P 

ft  O 
ft 

<D  ,£ 
P  03 

-  2 

pq 


A 


a)  S 
ft  co 


&a 

P 

s  g 

ft  ft 

<u  w 

£  fe 
&  & 
a  S' 


,CVJ 


s 

fr- 

rA 


ft 

O 

S 

p 

3 


Ph 

O 

a 

ft 

O 

<u 

03 

3 

O 

a 

5 


4)  ft 
H  03 
P 

05  O 
03  S 

P  « 

00 
o  oo 

S00 


-4-  l 


CO  LA 


CM  CM 


•H 

*  u 

03  0) 

ft  ft 
P 

O  h 

o  o 

<D  ft 
03 

ft 
o> 

03 

MO  P 


8 


O 

P 

P 

ft 

•H 

H 

P 

$ 

o 

o 

§ 

ft 


03 


P 

O 


ft 

o 


ft  I 


On  ft 


r— I  rH 


CM  CM 


1 

O 

o  _ 
<U  ft 
03 

_  ft 
o  0) 

S-  03 

f—  P 


CO 


0) 

r>  ft 

43  ft 

ft  O 

I* 

o1  <u 
> 

ft  ft 
O  03 
u 

bO  4) 
„ 

ft  03 
O  ft 


O 

P 

■p  ? 

ft  ft 

S  § 


£ 

•rl 

CO 

U 

a 

03 

3 

ft 

O 

P 

O 

•H 

P 

s 


<D 
>a  ft 
P 

•H  ft 


&  P 
O 

ft  *h 
0  P 

0  ' 

bO 

ft 
O 


P 

O 


4> 

P 

ft 


fn  ft  O  HP 

sas  aa 


&s 

o  o 
p  ft 


I— I  I 


O  CM 

ft 


CM  CM 

k 

n 

o  o 

ft 

p  p 
<1>  0} 
p  ft 

II 


>> 

o 

p 

I 


fH  O 
a)  S 

&CO 

SA 


p 

o 


I 


ft  • 

Q3  03 

P  ft 

5  § 

ft  O 
aj  0) 

t>  03 

wo 

OH 

;* 
•h  p 
ft  ft 


s  s 


°p 

•  a 

ft  o 
0)  o 
eg  u 

o  u 
s  ft 


CM 


5 

P 


P 

§ 

bO 

I 


o 

p 

I 

<u 

o  2 

ft  CO 

ftco 

asa 


196 

SECRET 


I 


A 

3 

ON 

to 

s 

& 

£ 

g 

H 

Is 

-=J- 

o 

a 


0)  *  -p 

alii 

o  o  _ 

■goF 

*H  '■* — *  O  aJ 
CO  <H  ,3 
-p  .  I 
w  H  -P 

*1 


?  8  p  p 

rl  VD  O  ^ 

.8  *|3vo 

sS* 


&  co 


O 

<d  -p  d 

&<M  8 

0) 

O  ^  CQ 

a 


pt 

** 

KN 


I 


A 

W 


£ 


)t- 

rO 


•H  O  rICO 
CO  CQ  OJ  CQ  C\J 


197 


SECRET 


SECRET 


f 


* 


I 

-p 


*  § 

SI 


S  • 

I  J 

rH  O  -P 

ft  £  aJ 
0  « 
(D  VO  *H 
ITN 

03  •  cd 

<1>  VO  H 
•H  CO  O 
O  00  ft 

U  'd  ^ 

O*  §  a| 

!  s  -p 

<H 

H  VO  0» 

d  t—  H 

3  • 

■p  t'S 

o4  d 
<d  H  o5 


<D 

e 


199 


SECRET 


-=*■  CD  Q 
•  -P  ON 

vc  ro  irv  o 


to 

M  w  d 

g3  8 

w  t)  n  ■ 

aJ  d  ^ 

rl  a)  O 

PQ 

d)  CM 

o 

•  d  O  ■ 
ft  0)  P 
<D  P 
H  ^  IA 

ft  P  00 


fc-  *H  O 

00  d  *H 

vo  d  p 


u 

•rl 

<u 

d) 

CM  H 

i — 1 

> 

1— | 

•H 

P 

d  § 

P 

CO 

aJ 

d)  S 

d) 

u 

d 

ft  *rl 

o 

O 

•H  (0 

O 

ft 

CO 

d 

o 

CO 

aJ 

o<  p 

ft 

•H 

(D 

o  s 

ft 

«J  .1 

B 

'd  ?  &  i 
V  ft  'I 

-p  -d  o  -i 

CO  <D 

•rl  -P  J 

X  aJ  <D  1 
<D  2  >  *1 

w  w  i 

a5  *H  ft 
•H  H  0?  H 
W  (U  ft 


P  O 
d>  C  >i 

X  ft 
0*0 
O  P  P 
^  ft  o 


6 

ft  *»-j 

4*0 

O 

d  aJ 

•rl 

CM 

ft 

ft 

H 

Pi 

i»p 

S3 

O 

o 

d 

P 

CO 

d  ft 

a? 

flj 

d>  o 

P 

> 

d  p 

P 

o< 

• 

•H 

d 

<D  d 

d 

i— 1 

o 

ft  a> 

a> 

•H 

P  CO 

to 

P 

P 

d 

d 

d) 

aJ 

d) 

rX 

ft 

e  w 

p 

o 

3 

o  a 

0 

o 

o 

CO  ? 

a 

ft 

'd 

a)  nJ 

•H  ft 

,  ft  © 
Tj  a)  p 
<d 'd 

ft 

ft  <o 


a)  -p  o 
ft  cj 

-p  s  g. 
b  £  £ 


tJ  dJ  P 
d)  d 

d  ft 

ft  dJ 

8  ££ 
<1)  P  O 
ft  o 

43  S  g 

O  H  ft 


SECRET 


CO 


ro* 


£ 

$ 

o 

•H 

-P 

<1) 

g> 


> 


% 

„  00 

*H  r— 1 
CO  s-— ' 


1 


VO 

LTN 


} 

-P 


-P 

s 

hO 


<l) 

> 

H  £ 


•H  CO 

CO^ 


201 


SECRET 


t 


u 

oi  a) 
d  & 
?  oi 

w  23 

d 

«  * 

<L> 

O 

•  d 
<u 

H  *H 

O  O 
O 

<D  <D 

S  | 

OJ  o 
ft  W 
ta  a) 
*H  O 
T3 


d  , 
O 

»■ 


O  ^ 

cm  a 

o 

o  o 
-P  <1> 
01 
LT\ 

O  LT\ 

i—l  o 

CM 

5  -p 

u  d 

H  ° 


5 

5 


03 

<D  ft 

•H 

ft) 

3 

•P  ft 
d  O 

03 

rH 

P 

o 

C  tJ 

o 

d 

•d 

S 

0} 

01 

E  OJ 

JL 

d 

d 

*H  > 

eg 

•H 

pH  *rl 

0 

« 

<D  oi  H 

•  -P 

■a  I 

o  o 

O 

a) 

“  S’ 

VS  *H 
ON  H 
NO  3 

TJ 

;§ 

S3 

-P  & 

D  oi 

a> 

o 

O  -P 
U  <fH 

&  s 

m  G 

S  | 

D1 

C  <D  • 

°&  ff 


-P 
d  J3 


•  -P 

d  o 
o  o 
o  ^ 
0) 

“  S' 

VS  -H 

8 1 
'd 
o 
-p 


•H 

O 

& 


aj  - 
X  <u 
o 

o  -P 

%% 

&  s 

O 

01  d 

$  | 

cr 

d  a) 


tJD 


-P 
d  ,d 
*  o 


§ 

* 

§ 

■H 

d 


5  ft 


rd 

a> 

d 

*P  o 
§  w 

s“ 

S^ 

13 

4h 

3S 

<D 

01  -P 

-P  O 
£  ° 


OJ  l 


CVJ 


CO  ITs  ON  rH 


O  CM 


CM  CM 


CM  CM 


CM  CM  CM  CM 


d  H 

-p  a 

o  -g 

•H 

-P  d 
<D  d 
C  *H 

g>  a 

Ss5 


>> 

o 

d 

I 

<u 


U  o 
a)  £ 


2)  03  St— 

as 

as 

5S  SO 

8d. 

as 

202 


♦ 


SECRET 


I 


4 


r 


4 


<D 


O 

S 


CQ' 


203 


§ 


\D 

•s 

ir\ 


a) 


co^ 


SECRET 


TABLE  c.45  SUMMARY  OF  3 -FREQUENCY  PROPAGATION  DATA,  ROCKET  8,  STAR  FISH 
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and  left-hand  polarization. 


SECRET 


* 


m>! 


N 

•ft 

o 

§ 

pq 


ft  a? 
d>  ft 
<D 


<U  U 
(U 

If 

O  £3 


_  cu 

S  £ 

"I 


bO 
ft  C 
•ft 
ft 

U 

i  O 
i  O 
<L) 

ft 


O 

-P 


<D  •  O 
££8 


Jh 
£ 

•H  O 
0)  cvj 
O  OJ 

a> 

Jh  o 

fcS 

d  H  CO 
.2 


w  Q 
ft  o 
a  no 
o 

o  CO 
<U  ^ 
to  G 


0) 


bO 

•H 

CO 


o 

-p 

I 

G 

o 

•H 

ft 


''ft 

a*« 

s  cvj  m 

G  CO 

bDij  O  w 
■H  G  ft  ft 


iSv 


a  _VO 
G  OJ 

<D  ft  CVJ 
P  G 
P  Hi  o 
d  ft 


ft  ft  O 
d  00 
G  to 
bO  ft  ft 
rl  fJH 
CO  O  O 


cvj 

rl 


> 

bfit- 

♦H  ft 
CO^ 


O 

ft 

o 

VO 

G 

O 

ft 

P 


<  s 

gj  ^ 

»H 

Q>  • 

0)  ft 
^  CM  i 


&  £ 
b  £* 


G  dj 
O  to 
ft 

P  OJ 

d  O 
ft  ft 

^  -v 

§s 

G  to 
ft  ft 
ft  G 
CO  O 


O 

to 

ft 

03 

O 

P 

i 

G 

O 

♦H 

P 


G  d 
0)  _ 

$a 

d 

to 

H  G  G 
d  G  to 
G  O  d>  - 
bO  O  U  ft 
•H  d)  ft  G 
CO  CO  P  d 


•h  ft 
ft  G 
CO  o 
o 
<1) 
•  to 
ft 


_:t 

•M 

NO 


•8 


d 

& 


> 

ft  ^ 

G  CO 
bJD-d- 

•H  ft 
CO 


d  M3 


ft 


M3 

Uft 


p 

I 


g 

ft 


<L> 

> 

Jift 

ft  s 

d 

G  CO 
bDCO 
•H  00 
CO  ^ 


..  p 
G  d>  d 
O  k  ft  i 

o  o  d  ft 
d  ft  <u  d 

<2  2  § 1 
d  a) 


§ 


212 


SECRET 


TABLE  C-50  SUMMARY  OF  3-FREQUENCY  PROPAGATION  DATA,  ROCKET  15.  BLUE  GILL 
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Actual  frequencies  employed  vere  36.9^  Me, 
147.76  Me, and  886.56  Me.  RH  and  LH  denote 
right- and  left-hand  polarization. 


TABLE  C.51  SUMMARY  OF  3 -FREQUENCY  PROPAGATION  DATA,  ROCKET  17,  BLUE  GILL 
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TABLE  C. 52  SUMMARY  OF  3-FREQUENCY  PROPAGATION  DATA,  ROCKET  l8,  BLUE  GILL  PROJECT:  £k2 _ 

EVENT:  Blue  Gill. 

ROCKET  NO:  18  ~ 

LAUNCH  TIME  &  DATE:  103 O:  49  GMT  26  Oct~52 
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TABLE  C.59  THREE-FREQUENCY,  VHF  TM  AND  GMD  SYSTEM  PARAMETERS  FOR  STAR  FISH 
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Figure  C.l  Photograph  of  37-Mc  crossed  dipole  antenna.  (BRL  photo) 
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Figure  C.2  Photograph  of  148-Mc  helix  antennas.  (BRL  photo) 
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Figure  C.3  Photograph  of  888-Mc  helix  antennas.  (BRL  photo) 
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Figure  C.4  Photograph  of  54- Me  rotating  dipole  antenna.  (BKL  photo) 
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Figure  C.6  GMD  system  functional  diagram. 
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Figure  C.7  Block  diagram  of  GMD  system. 


Figure  C.8  Field  layout  of  GMD  trackers 


Figure  C.9  GMD  recording  van  interior.  (BLR  photo) 
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ELEVATION  ANGLE  -DEGREES 


Figure  C.10  GMD  azimuth  and  elevation  versus  time  for  Rocket  1,  Star  Fish. 
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AZIMUTH  ANGLE- DEGREES  (TRUE) 


Figure  C.ll  GMD  azimuth  and  elevation  versus  time  for  Rocket  2,  Star  Fish. 
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AZIMUTH  -  DEGREES  (TRUE) 


Figure  C.12  GMD  azimuth  and  elevation  versus  time  for  Rocket  3,  Star  Fish. 
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AZIMUTH- DEGREES (TRUE) 


Figure  C.13  GMD  azimuth  and  elevation  versus  time  for  Rocket  4,  Star  Fish. 
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AZIMUTH- DEGREES  (TRUE) 


ELEVATION  ANGLE  -  DEGREES 


TIME  FROM  LIFT- SEC. 


Figure  C.14  GMD  azimuth  and  elevation  versus  time  for  Rocket  5,  Star  Fish. 
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AZIMUTH  -  DEGREES  (TRUE) 


ELEVATION  ANGLE- DEGREES 


TIME  FROM  LIFT-SEC. 

Figure  C.15  GMD  azimuth  and  elevation  versus  time  for  Rocket  6,  Star  Fish. 
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AZIMUTH -DEGREES  (TRUE) 


ELEVATION  ANGLE  -  OEGREES 


0  IOO  200  300 


TIME  FROM  LIFT-SEC. 

Figure  C.16  GMD  azimuth  and  elevation  versus  time  for  Rocket  7,  Star  Fish. 
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AZIMUTH  -  OEGREES  (TRUE) 


ELEVATION  ANGLE- DEGREES 
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TIME  FROM  LIFT -SEC. 

Figure  C.17  GMD  azimuth  and  elevation  versus  time  for  Rocket  8,  Star  Fish. 
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AZIMUTH -DEGREES  (TRUE) 


Figure  C.18  GMD  azimuth  and  elevation  versus  time  lor  Rocket  9,  Star  Fish. 
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AZIMUTH- DEGREES  (TRUE) 
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Figure  C.19  GMD  azimuth  and  elevation  versus  time  for  Rocket  10,  Blue  Gill. 
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AZIMUTH  ANGLE- DEGREES  (TRUE) 


ELEVATION  ANGLE- DEGREES 


TIME  FROM  LIFT- SECONDS 


Figure  C.20  GMD  azimuth  and  elevation  versus  time  for  Rocket  11,  Blue  Gill. 
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AZIMUTH  ANGLE -OEGREES  (TRUE) 


ELEVATION  ANGLE  -  DEGREES 


TIME  FROM  LIFT-  SECONOS 

Figure  C.21  GMD  azimuth  and  elevation  versus  time  for  Rocket  12,  Blue  Gill. 
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AZIMUTH  ANGLE- DEGREES  (TRUE) 
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AZIMUTH  ANGLE -DEGREES  (TRUE) 
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Figure  C.23  GMD  azimuth  and  elevation  versus  time  for  Rocket  14,  Blue  Gill. 
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AZIMUTH  ANGLE  -  DEGREES  (TRUE) 


ELEVATION  ANGLE  -  DEGREES 


0  IOO  200  300 


TIME  FROM  LIFT- SECONDS 

Figure  C.24  GMD  azimuth  and  elevation  versus  time  for  Rocket  15,  Blue  Gill. 
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AZIMUTH  ANGLE  -  DEGREES  (  TRUE) 


ELEVATION  ANGLE  -  DEGREES 


TIME  FROM  LIFT- SECONDS 

Figure  C.25  GMD  azimuth  and  elevation  versus  time  for  Rocket  17,  Blue  Gill. 
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AZIMUTH  ANGLE- DEGREES  (TRUE) 
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Figure  C.26  GMD  azimuth  and  elevation  versus  time  for  Rocket  18,  Blue  Gill. 


254 


SECRET 


AZIMUTH  ANGLE-DEGREES  (TRUE) 
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Figure  C.27  GMD  azimuth  and  elevation  versus  time  for  Rocket  20,  King  Fish. 
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AZIMUTH-DEGREES  (TRUE) 
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Figure  C.28  GMD  azimuth  and  elevation  versus  time  for  Rocket  21,  King  Fish. 
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AZIMUTH  ANGLE -0E6REES  (TRUE) 
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AZIMUTH  ANGLE  -  DEGREES  (TRUE) 


ELEVATION  ANGLE  -  OEGREES 


TIME  FROM  LIFT- SECONDS 


Figure  C.30  GMD  azimuth  and  elevation  versus  time  for  Rocket  24,  King  Fish. 
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AZIMUTH  ANGLE  -  OEGREES  (TRUE) 


ELEVATION  ANGLE  -  DEGREES 
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Figure  C.31  GMD  azimuth  and  elevation  versus  time  for  Rocket  26,  King  Fish. 
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AZIMUTH  ANGLE -DEGREES  (TRUE) 


ELEVATION  ANGLE  -  DEGREES 


TIME  FROM  LIFT- SECONDS 

Figure  C.32  GMD  azimuth  and  elevation  versus  time  for  Rocket  27,  King  Fish. 
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Figure  C.33  GMD  azimuth  and  elevation  versus  time  for  Rocket  28,  King  Fish. 


SECRET 


AZIMUTH  ANGLE  -  DEGREES  (TRUE) 
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Figure  C.34  GMD  azimuth  and  elevation  versus  time  for  Rocket  29,  King  Fish. 
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AZIMUTH  ANGLE-DEGREES  (TRUE) 


F  gure  C.36  Photograph  of  3-frequency  beacon  antennas 
on  Honest  John-Nike  rockets,  Project  6.3.  (BRL  photo) 
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Figure  C.37  Radiation  pattern  for  37-Mc  loop  antenna  on 
Honest  John-Nike  rockets,  Project  6.3. 
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Figure  C.40  Photograph  of  3-frequency  beacon  antennas  on  Javelin  and 
Honest  John-Nike-Nike  rockets,  Project  6.2.  (BRL  photo) 
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Figure  C.42  Radiation  pattern 
javelin  and  Honest  John-Nike-: 


Figure  C.44  Three-frequency  beacon  antennas  on  Javelin  rockets,  Project  6.4. 
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Figure  C.45  Photograph  of  3-frequency  beacon  antennas 
on  Javelin  rockets,  Project  6.4.  (BRL  photo). 
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Figure  C.46  BRL-designed  888-Mc  stub  antenna. 
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Figure  C.47  Circuit  diagram  of  GMD  beacon. 


Figure  C.48  Photograph  of  1380-Mc  slot  antennas  on 
Nike-Cajun  rockets.  Project  6.3.  (BRL  photo) 
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Figure  C.51  Dispersive  doppler  versus  time  derived  from  the  37-  and  148-Mc  doppler  Rocket  1,  Star  Fish 
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Figure  C.52  Dispersive  doppier  versus  time  derived  from  the  37-  and  148-Mc  doppler,  Rocket  4,  Star  Fish. 
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Figure  C.54  Dispersive  doppler  versus  time  derived  from  the  37'  and  148-Mc  doppler,  Rocket  7,  Star  Fish. 
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Figure  C.56  Dispersive  doppler  versus  time  derived  from  the  37-  and  148-Mc  doppler,  Rocket  9,  Star  Fish. 
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Figure  C.57  Dispersive  doppler  versus  time  derived  from  the  37-  and  148-Mc  doppler,  Rocket  12,  Blue  Gill. 
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Figure  C.58  Dispersive  doppler  versus  time  derived  from  the  37-  and  148-Mc  doppler,  Rocket  14,  Blue  Gill 
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Figure  C.59  Dispersive  doppler  versus  time  derived  from  the  37-  and  148-Mc  doppler,  Rocket  15,  Blue  Gill. 
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Figure  C.60  Dispersive  doppler  versus  time  derived  from  the  37-  and  148-Mc  doppler.  Rocket  17,  Blue  Gill. 
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Figure  C.64  Dispersive  doppler  versus  time  derived  from  the  37-  and  148-Mc  doppler,  Rocket  25,  King  Fish. 
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Figure  C.65  Dispersive  doppler  versus  time  derive  from  the  148-  and  888-Mc  doppler.  Rocket  25,  King  Fish. 
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Figure  C.66  Dispersive  doppler  versus  time  derived  from  the  37-  and  148-Mc  doppler.  Rocket  27,  King  Fish. 
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Figure  C.67  Dispersive  doppler  versus  time  derived  from  the  37-  and  148-Mc  doppler,  Rocket  28,  King  Fish. 
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Figure  C.68  Duration  of  useful  received  signal  for  experiments  carried  on  Rocket  1,  Star  Fish. 
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Figure  C.69  Duration  of  useful  received  signal  for  experiments  carried  on  Rocket  2,  Star  Fish. 
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Figure  C.70  Duration  of  useful  received  signal  for  experiments  carried  on  Rocket  3,  Star  Fish. 
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Figure  C.71  Duration  of  useful  received  signal  for  experiments  carried  on  Rocket  4,  Star  Fish. 
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Figure  C.72  Duration  of  useful  received  signal  for  experiments  carried  on  Rocket  5,  Star  Fish. 
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Figure  C.73  Duration  of  useful  received  signal  for  experiments  carried  on  Rocket  6,  Star  Fish. 
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Figure  C.75  Duration  of  useful  received  signal  for  experiments  carried  on  Rocket  8,  Star  Fish. 
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Figure  C.77  Duration  of  useful  received  signal  for  experiments  carried  on  socket  10,  Blue  Gill. 
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Figure  C.80  Duration  of  useful  received  signal  for  experiments  carried  on  Rocket  13,  Blue  Gill. 
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Figure  C.84  Duration  of  useful  received  signal  for  experiments  carried  on  Rocket  18,  Blue  Gill. 
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Figure  C.86  Duration  of  useful  received  signal  for  experiments  carried  on  Rocket  20,  King  Fish. 
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Figure  C.87  Duration  of  useful  received  signal  for  experiments  carried  on  Rocket  21,  King  Fish. 
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Figure  C.88  Duration  of  useful  received  signal  for  experiments  carried  on  Rocket  22,  King  Fish. 
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Figure  C.89  Duration  of  useful  received  signal  for  experiments  carried  on  Rocket  23,  King  Fish. 
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Figure  C.90  Duration  of  useful  received  signal  for  experiments  carried  on  Rocket  24,  King  Fish. 
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Figure  C.91  Duration  of  useful  received  signal  for  experiments  carried  on  Rocket  25,  King  Fish. 
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Figure  C.92  Duration  of  useful  received  signal  for  experiments  carried  on  Rocket  26,  King  Fish. 
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Figure  C.94  Duration  of  useful  received  signal  for  experiments  carried  on  Rocket  28,  King  Fish. 
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Figure  C.96  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  37  Me  left,  Rocket  1,  Star  Fish. 
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Figure  C.98  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  148  Me  left,  Rocket  1,  Star  Fish 


Figure  C.99  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  148  Me  right,  Rocket  1,  Star  Fish 
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Figure  C.101  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  888  Me  right,  Rocket  1,  Star  Fish 
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Figure  C.102  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  37  Me  left,  Rocket  4,  Star  Fish. 
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Figure  C.104  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  148  Me  left,  Rocket  4,  Star  Fish 
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Figure  C.105  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  148  Me  right.  Rocket  4,  Star  Fish 
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Figure  C.108  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  37  Me  left,  Rocket  5,  Star  Fish 
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Figure  C.109  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  37  Me  right,  Rocket  5,  Star  Fish 
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Figure  C.110  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  148  Me  left.  Rocket  5,  Star  Fish 
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Figure  C.112  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  888  Me  left,  Rocket  5,  Star  Fish 
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Figure  C.114  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  37  Me  left,  Rocket  7,  Star  Fish. 
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Figure  C.116  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  148  Me  left,  Rocket  7,  Star  Fish 
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Figure  C.119  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  888  Me  right,  Rocket  7,  Star  Fish 
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Figure  C.121  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  37  Me  right,  Rocket  8,  Star  Fish 
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Figure  C.122  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  148  Me  left,  Rocket  8,  Star  Fish 
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Figure  C.123  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  148  Me  right.  Rocket  8,  Star  Fish. 
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Figure  C.124  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  888  Me  left,  Rocket  8,Star  Fish 
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Figure  C.129  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  148  Me  right,  Rocket  9,  Star  Fish. 
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Figure  C-131  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  888  Me  right,  Rocket  9,  Star  Fish 


ROCKET  MO.  II 
LIFT:  H  -2MIN. 


'  '  '  I  I 

n so  -  ivn9is  a3Ai3aaa 

360 


SECRET 


Figure  C.132  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  37  Me  left,  Rocket  11,  Blue  Gill 
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Figure  C.134  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  148  Me  left,  Rocket  11,  Blue  Gill. 


Figure  C.135  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  148  Me  right.  Rocket  11,  Blue  Gill 
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Figure  C.136  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  888  Me  left,  Rocket  11,  Blue  Gill. 
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Figure  C.138  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  37  Me  left,  Rocket  12,  Blue  Gill 
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Figure  C.139  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  37  Me  right,  Rocket  12,  Blue  Gill 
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Figure  C.140  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  148  Me  left,  Rocket  12,  Blue  Gill 
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Figure  C.141  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  148  Me  right,  Rocket  12,  Blue  Gill 
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Figure  C.142  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  888  Me  left,  Rocket  12,  Blue  Gill 


Figure  C.143  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  888  Me  right,  Rocket  12,  Blue  Gill 
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Figure  C.144  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  37  Me  left.  Rocket  14,  Blue  Gill 
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Figure  C.146  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  148  Me  left,  Rocket  14,  Blue  Gill. 
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Figure  C.147  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  148  Me  right.  Rocket  14,  Blue  Gill 
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Figure  C.148  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  888  Me  left,  Rocket  14,  Blue  Gill 
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Figure  C.149  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  888  Me  right,  Rocket  14,  Blue  Gill. 
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Figure  C.150  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  37  Me  left,  Rocket  15,  Blue  Gill. 
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Figure  C.151  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  37  Me  right,  Rocket  15,  Blue  Gill 
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Figure  C.152  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  148  Me  left,  Rocket  15,  Blue  Gill. 
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Figure  C.154  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  888  Me  left,  Rocket  15,  Blue  Gill 


Figure  C.155  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  888  Me  right,  Rocket  15,  Blue  Gill 
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Figure  C.157  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  37  Me  right,  Rocket  17,  Blue  Gill 
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Figure  C.159  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  148  Me  right.  Rocket  17,  Blue  Gill 
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Figure  C.160  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  888  Me  left.  Rocket  17,  Blue  Gill 


Figure  C.161  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  888  Me  right,  Rocket  17,  Blue  Gill 
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Figure  C.162  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  37  Me  left,  Rocket  18,  Blue  Gill 
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Figure  C.163  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  37  Me  right.  Rocket  18,  Blue  Gill 


*80  -  1VN0IS  03AI303d 


392 


A 


SECRET 


Figure  C.164  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  148  Me  left.  Rocket  18,  Blue  Gill. 
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Figure  C.165  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  148  Me  right,  Rocket  18,  Blue  Gill 
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Figure  C.166  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  888  Me  left.  Rocket  18,  Blue  Gill. 
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Figure  C.167  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  888  Me  right,  Rocket  18,  Blue  Gill 
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Figure  C.168  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  37  Me  left,  Rocket  19,  King  Fish. 
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Figure  C.169  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  37  Me  right,  Rocket  19,  King  Fish. 
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Figure  C.170  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  148  Me  left,  Rocket  19,  King  Fish 


Figure  C.171  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  148  Me  right.  Rocket  19,  King  Fish. 


o 


N8Q  -  1VN9IS  03AI333M 

400 


SECRET 


Figure  C.172  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  888  Me  left.  Rocket  19,  King  Fish. 
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Figure  C.174  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  37  Me  left.  Rocket  22,  King  Fish. 
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Figure  C.176  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  148  Me  left.  Rocket  22,  King  Fish. 
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Figure  C.177  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  148  Me  right,  Rocket  22,  King  Fish. 
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Figure  C.178  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  888  Me  left.  Rocket  22,  King  Fish. 


/  H8<3  -  "1VN9IS  03AI303H 

407 


SECRET 


Figure  C.179  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  888  Me  right.  Rocket  22,  King  Fish, 
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Figure  C.180  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  37  Me  left,  Rocket  25,  King  Fish. 
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Figure  C.182  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  148  Me  left,  Rocket  25,  King  Fish. 
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Figure  C.183  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  148  Me  right,  Rocket  25,  King  Fish. 
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Figure  C.184  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  888  Me  left,  Rocket  25,  King  Fish. 


Figure  C.185  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  888  Me  right,  Rocket  25,  King  Fish 
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Figure  C.186  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  37  Me  left,  Rocket  27,  King  Fish. 
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Figure  C.188  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  148  Me  left,  Rocket  27,  King  Fish 
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Figure  C.189  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  148  Me  right,  Rocket  27,  King  Fish. 
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Figure  C.190  Received  signal  strength  versus  slant  range  for  3-frequecny  beacon,  888  Me  left.  Rocket  27,  King  Fish 
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Figure  C.191  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  888  Me  right,  Rocket  27,  King  Fish. 
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Figure  C.192  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  37  Me  left,  Rocket  28,  King  Fish. 
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Figure  C.193  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  37  Me  right,  Rocket  28,  King  Fish. 
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Figure  C.194  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  148  Me  left.  Rocket  28,  King  Fish 
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Figure  C.196  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  888  Me  left.  Rocket  28,  King  Fish 
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Figure  C.197  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  888  Me  right,  Rocket  28,  King  Fish. 
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Figure  C.198  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  37  Me  left,  Rocket  29,  King  Fish 
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Figure  C.199  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  37  Me  right,  Rocket  29,  King  Fish. 


ROCKET  NO.  29  :  HJ 
lift:  h  +25 min. 


mo  -  1VN9IS  03AI3D38 
428 


SECRET 


Figure  C.200  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  148  Me  left,  Rocket  29,  King  Fish. 
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Figure  C.201  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  148  Me  right,  Rocket  29,  King  Fish. 
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Figure  C.202  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  888  Me  left,  Rocket  29,  King  Fish. 


431 


Figure  C.203  Received  signal  strength  versus  slant  range  for  3-frequency  beacon,  888  Me  right,  Rocket  29,  King  Fish. 
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Figure  C.205  Received  signal  strength  versus  slant  range  for  VHF  telemetry,  Rocket  2,  Star  Fish 
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Figure  C.206  Received  signal  strength  versus  slant  range  for  VHF  telemetry,  Rocket  4,  Star  Fish 
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ROCKET  NO.  6  ! 
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Figure  C.208  Received  signal  strength  versus  slant  range  for  VHF  telemetry,  Rocket  6,  Star  Fish. 


Figure  C.209  Received  signal  strength  versus  slant  range  for  VHF  telemetry,  Rocket  7,  Star  Fish. 
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Figure  C.210  Received  signal  strength  versus  slant  range  for  VHF  telemetry,  Rocket  8,  Star  Fish. 
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Figure  C.211  Received  signal  strength  versus  slant  range  for  VHF  telemetry,  Rocket  9,  Star  Fish. 
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Figure  C.212  Received  signal  strength  versus  slant  range  for  VHF  telemetry,  Rocket  10,  Blue  Gill 
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Figure  C.213  Received  signal  strength  versus  slant  range  for  VHF  telemetry.  Rocket  11,  Blue  Gill 
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Figure  C.214  Received  signal  strength  versus  slant  range  for  VHF  telemetry,  Rocket  12,  Blue  Gill 
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Figure  C.215  Received  signal  strength  versus  slant  range  for  VHF  telemetry,  Rocket  13,  Blue  Gill 
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Figure  C.217  Received  signal  strength  versus  slant  range  for  VHF  telemetry,  Rocket  15,  Blue  Gill. 
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Figure  C.218  Received  signal  strength  versus  slant  range  for  VHF  telemetry,  Rocket  17,  Blue  Gill. 
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Figure  C.219  Received  signal  strength  versus  slant  range  for  VHF  telemetry,  Rocket  18,  Blue  Gill. 


ROCKET  NO.  19:  HJ 
LIFT:  H-2MIN 
234.0  MC-TM 


SECRET 


Figure  C.220  Received  signal  strength  versus  slant  range  for  VHF  telemetry.  Rocket  19,  King  Fish 
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Figure  C.221  Received  signal  strength  versus  slant  range  for  VHF  telemetry.  Rocket  20,  King  Fish 


SECRET 


ooooooooo 

111111717 

W  0  a  -  1VN0IS  03 A  13930 

451 


SECRET 


ooooooooo 

t(A40NC9lO  =  N 

I  I  I  1  I  I  7  1  7 

*80-  1VN9IS  0  3  A  1 3  03d 

452 


SECRET 


Figure  C.224  Received  signal  strength  versus  slant  range  for  VHF  telemetry,  Rocket  25,  King  Fish 
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Figure  C.226  Received  signal  strength  versus  slant  range  for  VHF  telemetry,  Rocket  27,  King  Fish. 
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Figure  C.227  Received  signal  strength  versus  slant  range  for  VHF  telemetry,  Rocket  28,  King  Fish 
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Figure  C.228  Received  signal  strength  versus  slant  range  for  VHF  telemetry,  Rocket  29,  King  Fish 
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Figure  C.229  Received  signal  strength  versus  slant  range  for  GMD  telemetry,  Rocket  1,  Star  Fish. 
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Figure  C.230  Received  signal  strength  versus  slant  range  for  GMD  telemetry,  Rocket  2,  Star  Fish. 
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Figure  C.231  Received  signal  strength  versus  slant  range  for  GMD  telemetry,  Rocket  4,  Star  Fish. 
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Figure  C.232  Received  signal  strength  versus  slant  range  for  GMD  telemetry,  Rocket  5,  Star  Fish 
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Figure  C.233  Received  signal  strength  versus  slant  range  for  GMD  telemetry,  Rocket  6,  Star  Fish. 
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Figure  C.234  Received  signal  strength  versus  slant  range  for  GMD  telemetry,  Rocket  7,  Star  Fish. 
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Figure  C.235  Received  signal  strength  versus  slant  range  for  GMD  telemetry.  Rocket  8,  Star  Fish. 
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Figure  C.236  Received  signal  strength  versus  slant  range  for  GMD  telemetry,  Rocket  9,  Star  Fish 
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Figure  C.237  Received  signal  strength  versus  slant  range  for  GMD  telemetry,  Rocket  10,  Blue  Gill. 
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Figure  C.238  Received  signal  strength  versus  slant  range  for  GMD  telemetry,  Rocket  11,  Blue  Gill. 
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Figure  C.240  Received  signal  strength  versus  slant  range  for  GMD  telemetry,  Rocket  13,  Blue  Gill 
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Figure  C.241  Received  signal  strength  versus  slant  range  for  GMD  telemetry,  Rocket  14,  Blue  Gill 
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Figure  C.242  Received  signal  strength  versus  slant  range  for  GMD  telemetry,  Rocket  15,  Blue  Gill 
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Figure  C.243  Received  signal  strength  versus  slant  range  for  GMD  telemetry,  Rocket  17,  Blue  Gill. 
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Figure  C.244  Received  signal  strength  versus  slant  range  for  GMD  telemetry,  Rocket  18,  Blue  Gill 
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Figure  C.245  Received  signal  strength  versus  slant  range  for  GMD  telemetry,  Rocket  19,  King  Fish 
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Figure  C.246  Received  signal  strength  versus  slant  range  for  GMD  telemetry,  Rocket  20,  King  Fish. 
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Figure  C.247  Received  signal  strength  versus  slant  range  for  GMD  telemetry.  Rocket  21,  King  Fish 
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Figure  C.248  Received  signal  strength  versus  slant  range  for  GMD  telemetry,  Rockc *  23,  King  Fish 
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Figure  C.249  Received  signal  strength  versus  slant  range  for  GMD  telemetry,  Rocket  24,  King  Fish. 
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Figure  C.250  Received  signal  strength  versus  slant  range  for  GMD  telemetry,  Rocket  25,  King  Fish. 
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Figure  C.252  Received  signal  strength  versus  slant  range  for  GMD  telemetry,  Rocket  27,  King  Fish. 
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Figure  C.253  Received  signal  strength  versus  slant  range  for  GMD  telemetry,  Rocket  28,  King  Fish 
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Figure  C.254  Received  signal  strength  versus  slant  range  for  GMD  telemetry,  Rocket  29,  King  Fish. 
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Figure  C.255  Calculated  received  signal  strength  versus  slant  range  for  the  3 -frequency  beacon, 
VHF  telemetry  and  GMD,  Star  Fish. 
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Figure  C.256  Calculated  received  signal  strength  versus  slant  range  for  the  3-frequency  beacon, 
VHF  telemetry  and  GMD,  Blue  Gill  and  King  Fish. 
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191  GEC  TECH  MIL  PLANNING  OPER  SANTA  BARBARA  ATTN  DASA 

192  SYLVANIA  DIV  ELEC  DEF  LAS  MT  VltW  CALIF 

193  GEOPHYSICS  CORP  OF  AMER  BEDFORD  MASS 

194  H  R  B  SINGER  INC  STATE  COLLEGE  PA 

195  GEC .RE-ENTRY  SYSTEMS  DEPT  ATTN  TECH. I NFO. CENTER 
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196  HUGHES  AIRCRAFT  CO  CULVER  CITY  CALIF  ATTN  HANSCOME 

197  INST  FOR  DEFENSE  ANALYSIS  WASHINGTON 

198  INTER  TEL  6  TELGR  CORP  NUTLEY  N  J 

199  J  HOPKINS  UN  I V  APPL  PHYSICS  LAB  SILVER  SPRINGS 

200  KAMAN  NUCLEAR  COLORADO  SPRINGS  ATTN  SHELTON 

201  LOCKHEED  AIRCRAFT  CORP  PALO  ALTO  CALIF  ATTN  MEYROTT 

202  MARTIN  MARIETTA  CO  DENVER .COLORADO 

203  LINCOLN  LABORATORY  ATTN. TECH. L IBR.  PANNELL 

204  MlTRt  CORP  BEDFORD  MASS  ATTN  TtCH  LIBRARY 

205  MT. AUBURN  RESEARCH  ASSOC.  .INC. 

206  N  AMERICAN  AVIATION  DOWNEY  CALIF 

207  NORTHROP  AIRCRAFT  INC  HAWTHORNE  CALIF 

208  RCA  DEFENSE  ELCE  PRODUCTS  MOORESTOWN  ATTN  ENGR.  LIB 

209  RCA  DAVID  SARNOFF  RES  CENTER  PRjNCETON  NJ 

210  THOMPSON  RAMO-WOOLDR IDGE  CALIF. ATTN  TECH. LIBRARY 

211  RAND  CORP  SANTA  MONICA  CALIF 

212  RAYTHEON  CO  MISSILE  6  SPACE  DIV  BEDFORD  MASS 
■*13  REPUBLIC  AVIATION  F ARM  1 NGDALE *L . I .  NY 

214  SPACE  GEN  CORP  EL  MONTE  CALIF 

215  SPCE  TECH  LAB  LOS  ANGELES  CALIF 


216  STANFORD  RESEARCH  I NST . . ATTN  TECH.LIBR • 

217  STANFORD  RESEARCH  INST. ATTN  RADIO  PHYSICS  LAB 

218  TECH  OPER.INC  BURLINGTON  MASS  ATTN  RICHARDS 

219  UN  I V  OF  MICHIGAN  ANN  ARBOR  MICH  ATTN  BAMIRAC  L IBR 

220  VITRO  CORP  OF  AMERICA  WEST  ORANGE  N  J 

221  WESTINGHOUSE  RESEARCH  LAB  PITTSBURGH  PA 

222  WESTINGHOUSE  ELEC. CORP.  WASH. ATTN  PRYTULA 

221  NATIONAL  BUREAU  OF  STANDARDS  BOULDER  LABS  UTLAUT 
224  GENERAL  ELCTRIC  CO  DEF.ELEC.DI V. 

ATOMIC  ENERGY  COMMISSION  ACTUITttS 

225-227  AEC  WASHINGTON  TECH  LIBRARY 
228-279  LOS  ALAMOS  SCIENTIFIC  LAB 
230-234  SANDIA  CORPORATION 
235-244  LAWRENCE  RADIATION  LAB  LIVERMORE 

245  NEVADA  OPERATIONS  OFFICE. LAS  VEGAS 

246  DT1E  OAK  RIDGE. MASTER 
247-276  DTIE  OAK  RIDGE  SURPLUS 
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